ADAMS’ 

LAMENESS 
IN HORSES 

Fifth Edition 


Ted S. Stashak 




Chapter 8 Lameness 935 



Figure 8.358 DPI view of severe distal tarsal osteoarthritis. 
Note the bone production on the medial aspect of the TM joint 
(white ar'ow), afthough the joint has not completely ankytosed. 
Ankylosis is more advanced in the DtT joint (black arrow), 
although the lucency along that joint may become more sclerotic. 



Figure 8.369 Oorsopiantar. late ro mocha I view demonstrating 
osteoarthritis involving all three of the d«stai tarsal jo nts, All the 
joints have lost space, although the dorsomedial aspect of the DIT 
joint is still heating. Because the PIT joint communicates with the 
tarsocrural joint above, the prognosis is relatively unfavorable 



Figure 8.370 LM view of a targe osteophyte (arrow) on the 
dorsa aspect of the proximal third metatarsal The dorsomedial 
aspect of the tarsus may be typically thickened This horse may 
not be lame (Courtesy of T S. Slashak) 


underwent scintigraphic examinations for hindlimb 
lameness, 85 demonstrated distal tarsal uptake. 1K Sub¬ 
stantiation of the diagnosis with intraarticular anesthesia 
and critical evaluation of the response to therapy are the 
most reliable diagnostic criteria. 

Treatment 

The goal of treatment is often affected by the radio- 
graphic signs. Horses with minimal to no distal tarsal 
radiographic changes may respond favorably to a period 
of reduced activity, corrective shoeing, and intraarticular 
medication. Often the lameness subsides permanently. 
If the history indicates that a specific injury may have 
occurred, more rest for soft tissue healing is warranted. 

Some horses w ithout radiographic changes have carti¬ 
lage lesions that cause the synovitis to return, and the 
spavin eventually progresses. Once degenerative changes 
have begun, the goal of treatment becomes pain manage¬ 
ment until the distal joints ankylose. In this situation, 
extended rest beyond a limited period to allow medica¬ 
tion to take effect is useless. Furthermore, exercise facili¬ 
tates the degeneration, which may lead to subsequent 
ankylosis. However, in some cases, the distal tarsal joints 
do not ankylose. For horses with multiple problems pos¬ 
sibly caused or aggravated by tarsal pain, more rest may 
be indicated. 40 

If the PIT joint is involved, control of synovitis is criti¬ 
cal to preserving the integrity of the tarsocrural joint. 
Despite numerous types of therapy for treatment of distal 
tarsal osteoarthritis, some affected horses remain lame 
and resistant to all conventional methods of therapy. Un¬ 
fortunately, treatment of tarsal pain in some instances 
remains somewhat intuitive. 
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Figure 8.372 The tape overlies the cunean tendon, 



Figure 8.373 Dorsomedial view showing the dissected tarsus 
and the cunean tendon (CT). 



Figure 8.374 The cunean tendon is isolated with the scissors, 
as it is during a standing cunean tenectomy. 



Figure 8.379 The cunean tendon has been rrarvsccteo and is 
reflected from the bursa. The surgeon removes 2 to 4 cm of the 
tendon. 
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Figure 8.379 A. Dorsoplantar, medial 
lateral oblique view of a weanling that suffered 
early collapse and subsequent fracture of the 
third tarsal bone. B. Dorsoplantar view 
showing the valgus deformity. C. A lag-screw 
was placed as a salvage attempt to obtain 
healing and stable ankylosis of the joint. 
Because the fragment was displaced in a 
dorsolateral direction, two screws could not be 
used. 
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Figure 8.383 On xeroradiography, the ialeromedial view 
reveals a small distal hbial OCD (arrow) in a mature show horse 



Figure 8.384 Lateromedial view of a chronic bog spavin. Note 
that the proximal Joint capsule attachments have calcified (arrow) 
and the joint capsule has thickened (Courtesy of T. S Stashak.) 


pending on the severity of rhe condition and the activity 
of the horse, these subtle cartilage lesions can worsen 
because of the persisting synoviris and lead to osteoar¬ 
thritis. Thus IS can eventually become osteoarthritis, as 
can be observed in any other joint. An illustration is the 
report of necropsy findings Rooney* associated with tar- 
socrural effusion: articular wear lines in the distal tibia 
and erosive lesions on the dorsal edge of the medial and 
lateral grooves at the distal end of the tibia. Although 
frequently associated with primary pathology such as 
osteochondrosis, these are examples of osteoarthritis 
owing to chronic synovitis. 

Trauma injury to the hock joint as a result of quick 
stops, quick turns, and other traumas cause bog spavin 
owing to injury of the joint capsule or tarsal ligaments. 
Occasionally, performance horses develop acute rarso- 
crural effusion and lameness approaching that of sepsis. 
A severe capsulitis is probably the main component. Ra¬ 
diographic signs being absent, horses are treated with 
rest and local and systemic anti-inflammatory therapy. 
Response to therapy can be profound and rapid. Struc¬ 
tural damage, such as a collateral ligament sprain or a 
nondisplaced fracture, should be ruled out before return¬ 
ing the horse to work. 

Deficiencies of calcium, phosphorus, vitamin A, or 
vitamin D, alone or in any combination, apparently can 
produce bog spavin. Chronic zinc intoxication has also 
been implicated in tarsocrural effusion. 4 

Uncommonly, horses that have had acute synovitis 
progressing to chronic synovitis, such as may follow sep¬ 
tic arthritis, retain the effusion after the original cause 
has been resolved. The persistence appears to be the re¬ 
sult of permanent synovial membrane changes or fibrous 
joint capsule distortion. 

Signs and Diagnosis 

By definition, the only clinical sign required is tarso¬ 
crural effusion. There are three characteristic fluctuant 
swellings, the largest of which is located at the dor- 
somcdi.il aspect of the hock joint (Fig. 8.382). Two 
smaller swellings occasionally occur on either side of the 
surface of the hock joint at the junction of the tibia 1 tarsal 
and fibular tarsal bones. However, severe effusion can 
produce distension of all four corners of rhe joint. These 
plantar swellings are lower (more distal) than the swell¬ 
ings of thorough-pin. When pressure is exerted on any 
one of these swellings, the other enlargements show an 
increase in size and an increase in the tension of rhe joint 
capsule if held. This fluctuant, moveable swelling must 
be differentiated from periarticular edema, which signals 
an extraarticular problem. 

When present, lameness is the result of synovitis. The 
pain of synovitis is sensed by nerve endings located in 
the fibrous joint capsule. If the tarsocrural synovitis is 
severe enough to irritate those nerve endings, the horse 
is lame to some degree. Hindlimb flexion, specifically 
meant to diagnostically exacerbate that inflammation, 
may be required to see any lameness. If the seat of the 
problem is capsulitis, the response could be quite posi¬ 
tive. More severe inflammatory situations may bring 
local heat, pain, and swelling. No bony changes arc evi¬ 
dent in uncomplicated bog spavin, cither on palpation 
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or on radiographs. There is one report of effusion that 
apparently became severe enough to rupture the fibrous 
joint capsule and create a synovial hernia. 1 

The presence of bog spavin is diagnostic. In most 
coses, the dorsomedia! swelling is the largest; but in some 
horses, the two plantar swellings are more prominent. 
In some cases, the locarion of primary source of the syno¬ 
vitis may dictate the location of the largest point of effu¬ 
sion. The plantar swellings must be differentiated from 
thorough-pin, which occurs at the level of the point of 
the hock. The most important factor in the diagnosis is 
to determine the true cause, if possible. 

All diagnostic capabilities should be used to rule out 
any correctable lesion. Even if not correctable, the prog¬ 
nostic value is important. Beyond radiographs and ar¬ 
throscopy arc CT and MRI, if available. Depending on 
the degree of lameness, scintigraphy may be useful. 

With chronic bogs, synovial fluid changes are com¬ 
monly unremarkable. Acute injuries may cause hemar- 
throsis or a rise in white blood cells and total protein. 
However, when lameness is severe, septic arthritis must 
be ruled out, and synovial fluid analysis is important. 
Synovial fluid analysis of tarsocrural effusion caused by 
synovitis from an adjacent or impending septic process 
usually reflects an elevated total protein witnout the ex¬ 
pected increase in white blood cells. This situation 
should be monitored closely. 

Treatment 

Treatment is practically limited to effusions with spe¬ 
cific causes. However, treatment can be part of a diag¬ 
nostic progression. Lameness and radiographic examina¬ 
tions are indicated for a horse that presents with 
tarsocrural effusion. For an effusion of unknown origin, 
intraarticular therapy can be administered. Selection of 
the drug is influenced by the situation. 

Young horses should not be treated aggressively. W ith 
the needle placed in the tarsocrural joint, as much syno¬ 
vial fluid as possible is removed, after which sodium hya- 
luronate is injected. Particularly when repeated, steroids 
have been known to cause cartilage exfoliation from the 
joint surface in young horses, A support bandage is ap¬ 
plied to prevent return of the effusion. The joint capsule 
in foals can become thinned and may have difficulty re¬ 
gaining its normal integrity, even after the synovitis has 
been resolved. Activity is restricted to a stall for a few 
days and then to a small paddock. The bandage should 
be maintained for 2 to 3 weeks to allow the capsule to 
strengthen. If bandaging becomes difficult to maintain 
or the skin becomes irritated, elastic stockinet provides 
substantial support with minimal adhesive. 

If the bog is resolved, nothing further is necessary. If 
the bog fails to resolve or returns, diagnostic arthroscopy 
is indicated. Repeat radiographs are also indicated, hut 
often remain negative. Although OCD is the most com¬ 
mon cause of tarsocrural effusion in young horses, sys¬ 
temic causes should be ruled out with bilateral tarso- 
crural effusion. 

When no radiographic changes are present, the plan 
described above for young horses can be followed for 
adults, although a steroid would be added to the hyalur¬ 
onic acid. Triamcinolone (6 mg) is a potent anti-inflam¬ 


matory agent; and if the effect is positive, there is ration¬ 
ale for following up with a second injection of 
methylpredmsolonc 3 weeks later to produce a pro¬ 
longed effect. Hyaluronic acid possibly minimizes any 
negative effect of steroids. If the bog returns, mature 
horses in work present either a simpler or a more com¬ 
plex situation. Without lameness, trie preference would 
be to leave it alone. Any medical therapy is likely to 
produce only temporary resolution. Continuous steroid 
injections have an eventual negative effect, and the risk 
of sepsis increases with each treatment. 

Intraarticular atropine has been anecdotally used to 
treat refractory tarsocrural effusion. There is no known 
pharmaceutical mechanism of action, but 4 to 6 mg has 
been used with noticeable success. It would be wise to 
purchase atropine in single-use sizes to preserve sterility. 
Note that there is no information about any negative 
effect of this drug. Because this is an off-lahcl application 
of the drug, use it at your own risk. 

Treatment of bog spavin caused by nutritional defi¬ 
ciencies is usually of no avail unless proper corrections 
are made in the diet. If the deficient mineral! s) and/or 
vitamin!s) are added to the diet, the overall nutrition 
regulated, and the horse freed from internal parasites, 
bog spavins usually disappear in 4 to 6 weeks. Nutrition¬ 
ally related bog spavin is most common in horses 6 
months to 2 years of age. Tarsocrural effusion caused 
by chronic intoxication with zinc appears to respond to 
removal of the source of the zinc and to feeding a bal¬ 
anced ration supplemented with 60 g calcium carbonate 
per day. 4 

When irreversible synovial membrane changes have 
occurred, synovectomy may be useful. I resolved persis¬ 
tent bog spavin in one horse by synovectomy long after 
septic arthritis had resolved. Motorized equipment is re¬ 
quired to do a complete job, and the caudal compart¬ 
ment of the tarsocrural joint should be treated as well. 
Intimal regeneration requires approximately 1 month, 
and the villi will nor regenerate. 1 ''The functional signifi¬ 
cance of the loss of the villous surface area is unknown. 
In my experience, horses treated by synovectomy for 
acute septic arthritis have not demonstrated a negative 
clinical effect. 

One reported case of synovial hernia occurring after 
chronic tarsocrural effusion responded favorably to sur¬ 
gical resection of the hernia. 1 This is a procedure that 
should not be taken lightly. Support bandaging and pro¬ 
longed stall rest are necessary to prevent dehiscence and 
the creation of a much worse problem. The reported 
horse was under stall confinement for 3,5 months. 

Prognosis 

The prognosis is guarded if the cause is traumatic or 
nutritional. Ir is unfavorable if it is the result of confor¬ 
mation; note, however that in the majority of cases 
horses can continue to perform without an obvious lame¬ 
ness. 
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type, cannulated screws work nicely in this type of situa¬ 
tion. When possible, two screws may improve stability, 1 * 1 
In the third tarsal bone, the screws must diverge to miss 
the notch in the plantar aspect of the bone. If prolonged 
lameness persists despite apparently successful repair, re¬ 
moval of the screw may be considered. 

Prognosis 

The outlook for horses treated surgically or conserva¬ 
tively has improved in recent reports. Accurate prognosis 
depends on detection of all rhe fracture lines, particularly 
with central tarsal bone fractures. The proportion of suc¬ 
cessful cases with central tarsal bone fractures is signifi¬ 
cantly less than those with third tarsal bone fractures. 
This could be owing to non-union of comminuted frag¬ 
ments or to tarsocrural osteoarthritis. However, radio¬ 
graphically evident degenerative changes in the distal tar¬ 
sal joints do not necessarily indicate lameness. Mares 
treated conservatively are usually sound enough for 
breeding. Combining the data from reports of surgical 
therapy, 23 of 26 horses returned to performance/’* 8 * 14 * 
19,25 Convalescence varied between 3 and 8 months. 

Successful conservative therapy in a recent series was 
likely the result of a 6- to 8-month period of stall confine¬ 
ment to allow a firm fibrous union. A total of 10 of 12 
conservatively treated horses raced successfully. tK The 
presence of degenerative changes at the time of diagnosis 
may not preclude a successful outcome with sufficient 
stall rest. 1 

In some reports, conservative therapy and surgical re¬ 
moval have proven to be unrewarding/' 1 * not all horses 
are candidates for surgical repair. Some comminuted 
central tarsal bone fractures are impossible to repair, and 
some comminution ts never seen on radiographs before 
surgery. 

It is apparent from the reports that not all cases are 
the same. If conservative therapy is the chosen treatment, 
it should consist of stall rest of 6 to 8 months. Successful 
lag screw fixation may allow return to work approxi¬ 
mately 2 months earlier, which may or may not be signif¬ 
icant compared to cost; not all surgically treated horses 
returned to work that quickly. Nothing in the literature 
proves there is decreased success with a delay to surgery. 
However, common sense implies that fracture reduction 
will be better and degenerative changes limited in horses 
that undergo the fracture stabilized earlier. For central 
tarsal bone fractures that cause tarsoc rural synovitis, in¬ 
traart icular sodium hyaluronate followed by systemic 
anti-inflammatory therapy makes sense. 
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INTRAARTICULAR FRACTURES OF THE 
TARSOCRURAL JOINT 

Inrraarticular fractures of the tarsocrural joint are rel¬ 
atively uncommon. In a study of 125 fatal racing acci¬ 
dents, 31 horses had fractures and other injuries of the 
hindlimb, and the tarsal joint was involved in only 2 of 
these. 10 Another study noted 1 fracture of the tarsus out 
of a total of 35 fractures in a survey of 480 cases. 1 An¬ 
other study reported 13 cases of traumatic fracture of 
the tarsal bone, which represented 5.8% of all the horses 
subjected to radiographs of the hock. 5 One report of 13 
cases lists an order of decreasing frequency: distal tibia, 
5 cases |4 lateral malleolus, 1 medial malleolus); fibular 
tarsal bone, 4 cases (3 sustentaculum tali, 1 calcaneus); 
tibial tarsal, 3 cases (2 medial condyle, I both condyles); 
and the fourth metatarsal bone, I case. 5 Fractures of the 
tibiotarsal bone are located in the trochlear ridges or the 
body of the talus. Although the older literature often 
refers to fragments of the distal intermediate ridge of the 
tibia and distal lateral trochlear ridge as fractures, most 
are likely to be QCD. 
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oblique views arc most important for identifying the 
exact location and extent of the fracture. 

Lesions on the sustentaculum may appear on the later- 
omedial or dorsomedial-plantarolateral oblique projec¬ 
tions. However, the gliding surface is best demonstrated 
in a flexed tangential (skyline) projection. 20 Contrast 
arthrography has been described;*’ 6 however, sustenta¬ 
culum lesions may be more efficiently evaluated (and 
treated) arthroscopically. 1 Ultrasound may help in pre¬ 
dicting the arthroscopic findings and in providing a 
prognosis. 1 ** Some sustentacular injuries may result in a 
sequestrum or septic tenosynovitis and drainage. 11,19,21 

Treatment 

Surgical excision of the chip fractures of the fibular 
tarsal bone may not be necessary unless they enter the 
tarsocrural joint or become sequestered and arc accessi¬ 
ble to surgical excision, 1 * 

Although fractures through the calcaneal tuber can 
be difficult to reduce and stabilize, they have been treated 
successfully with bone plates using the tension band prin¬ 
ciple, with the additional support of a full-limb cast. 9 * 21 
A tension band plate is placed on the plantar aspect of 
the calcaneus beneath the tendon of the superficial flexor 
tendon to neutralize the distracting forces. The surgeons 
in two studies believe it is important to remove the plate 
to reestablish tarsal mobility. 1 Recovery from anesthe¬ 
sia is safer in a cast, which can be removed immediately 
if desired. 


Another report on the surgical treatment of this frac¬ 
ture noted one case that involved a combination of inter¬ 
nal fixation and external coaptation. The treatment 
was successful (Fig. 8.403). Conservative approaches 
using casting alone have not proven to be rewarding. 10 
Presumably owing to the tension from the tendon of the 
gastrocnemius, severely comminuted fractures of the 
tuber calcis fail to heal despite immobilization in a cast 
(Fig. 8.404). 

Fractures through the growth plate in young horses 
are rare in my experience. An artempt to treat one open 
fracture resulted in osteomyelitis Fig. 8.405). The 
apophysis in a foal is small and mostly cartilaginous; it 
is incapable of supporting the distraction by means of a 
single screw. Shaping the plate to cover the apophysis 
or using a hooked plate adds support similar to that used 
for olecranon fractures in foals. A cast lends further sta¬ 
bility. 

Treatment of lesions of the sustentaculum must leave 
a smooth surface to prevent damage to the tendon and 
recurrent synovitis. When a surface lesion of the hone 
or sepsis cannot be confirmed, imrasynovi.il anti-inflam¬ 
matory therapy may be successful. Tnnoseopy is a more 
accurate procedure.* Although successful treatment has 
been reported after a long delay, 24 early treatment mini¬ 
mizes permanent damage. The overall outcome for 
chronically affected horses is poor. If the wound is 
acute and open, it is a surgical emergency. The goal of 
surgical therapy is debridement of the bony lesion and 
associated changes within the tendon sheath; septic le¬ 
sions require lavage and drainage. Successes have been 



Figure 8.403 A, Lateromediai view of the horse shown In 
Figure 8.402. The fracture was successfully treated with a 
neutralization plate and tension band wire secured by an 


intramedullary pin. Motion was reduced by using the external 
fixator. B. At the 4-month follow-up, the fracture was healed 
(Courtesy of T. S. Stashak.) 
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Figure 8.404 Lateromedial view of a comminuted calcaneal 
fracture. There is insufficient bone remaining for internal fixation. 
This type of traction fracture will not heal by simple immobilization 
in a cast. (Reprinted with permission from Sulfins KE. Diseases of 
the tarsus. In: Colahan PT. Mayhew IG. Merritt AM, Moore JN, 
Eds. Equine Medicine and Surgery Vol. 2. 5th ed. Santa Barbara, 
CA: American Veterinary Publications, t999;t680.) 


reported after conventional open surgery; 4 * 1 , ' 20 ' 21 how¬ 
ever, tonoscopy disrupts less tissue and is preferred when 
possible. 1 (See “Osteomyelitis of the Sustentaculum 
Tali” in this chapter.) 

Prognosis 

The prognosis for chip fracture of the calcaneus is 
considered good to guarded, depending on its location 
(inrraarticular versus cxtraarticular), the size of the frag¬ 
ment, and whether it has become a sequestrum. 

The prognosis for fractures of the growth plate and 
through the body is considered poor for return to full 
function. The outcome of fractures of the body of the 
calcaneus depends tin the ability of the surgeon to stabi¬ 
lize the fragments. 4 ' 21 " Distraction from pull of the gas¬ 
trocnemius precludes successful conservative therapy of 
unstable fractures. 

The prognosis must be guarded to poor until proven 
otherwise for lesions in the tarsal canal. I lowevcr, be¬ 
cause favorable results have been reported, the attempt 
is worthwhile. 11,26 (See “Osteomyelitis of the Sustenta¬ 
culum Tali" in this chapter.) 

CONDITIONS OF THE FIBULAR TARSAL 
BONE (CALCANEUS): OSTEOMYELITIS 
AND OSTEOLYTIC LESIONS OF THE 
CALCANEAL TUBER 

The calcaneus is exposed at the plantar aspect of the 
hock and subject to injury from and by kicking. Penetrat- 



Figure 8.405 A Lateromedial view of a foal wilh an open cancellous screw was placed However, osteomyelitis became a 

Harns Saiter type 1 fracture of the calcaneal tuber. Note that the complication (arrows), and the screw loosened, 

apophysis has displaced dorsally and off the calcaneus. B. A 
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Figure 8.424 Rear view of gastrocnemius tendinitis in the right 
hind limb Note the swelling tn the midgaskin region (arrows). The 
diagnosis was confirmed by ultrasonography. (Courtesy of 
T. S. Stashak.) 

tion of the gastrocnemius is evident (Fig. 8.424). The 
firm swelling can be differentiated from thorough-pin by 
its location and lack of fluid distension. In some horses, 
however, the superficial flexor bursa may be distended, 
resembling a capped hock. 1 Diagnostic anesthesia of the 
tibial and peroneal or only the tibial nerve improves the 
lameness. 

Radiographs generally demonstrate no lesions, but 
chronic cases may have a calcification at the calcaneal 
attachment of the gastrocnemius tendon. Ultrasound re¬ 
veals enlargement, focal or diffuse hypoechoic or an- 
echoic regions, and loss of normal fiber alignment when 
viewed in the longitudinal plane. M Ultrasound of the 
unaffected contralateral tendon is advisable for refer¬ 
ence. 3 Associated lesions are not common, but calcaneal 
bursitis 1,3 or superficial flexor tendon tendinitis 4 may 
exist concurrently. 

Treatment 

Therapy consists of rest with local and systemic anti¬ 
inflammatory therapy. The recovery can be quite pro¬ 
longed, so patience is important. Return to work before 
the ultrasonographic lesion has healed leads to reoc¬ 
currence of the lameness. Therapy that is begun in the 
acute stages is more successful than that begun after the 
horse has been lame for many weeks (Dyson SI, personal 
communication, 2001). Even confined to a stall, this area 
is impossible to protect from norma! weight bearing. 

Because the problem with tendon healing is lack of 
an efficient blood supply, the clinician could consider 
surgical splitting or possibly F.SWT. Neither of these 
methods have been reported for this condition. Anecdot¬ 
ally, tendons in other locations have occasionally devel¬ 
oped excessive fibrosis after ESWT. 

Prognosis 

In one scries, horses that had been lame up to 8 weeks 
were slow to recuperate. Ultrasound monitoring contin¬ 


ued to demonstrate the persisting or enlarging focal or 
generalized lesions. Horses that became sound again re¬ 
quired 9 to 12 months of healing/ Two horses that re¬ 
sumed work after 12 months became lame again, and 
others continued with slowly advancing exercise for at 
least 8 months. Another group of horses that were diag¬ 
nosed much earlier after onset of signs recovered much 
more quickly and resumed flat racing or eventing (Dyson 
SJ, personal communication, 2001). 
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RUPTURE OR TEARING OF THE 
PROXIMAL ATTACHMENT OF THE 
GASTROCNEMIUS AND SUPERFICIAL 
DIGITAL FLEXOR MUSCLES 

Rupture or tearing of the gastrocnemius and the su¬ 
perficial digital flexor muscles occurs infrequently in ne¬ 
onates and adults. The gastrocnemius and superficial 
digital flexor muscles make up the caudal component of 
the reciprocal apparatus. The two heads of the gastroc¬ 
nemius originate from the medial and lateral supracon¬ 
dylar crests of the distal femur, and the origin of the 
superficial digital flexor from the supracondylar fossa is 
associated between and deep to that. 1 The close associa¬ 
tion of these muscles causes them to become affected 
similarly in most cases, although partial or complete 
tears of one head of the proximal attachment of the gas¬ 
trocnemius muscles have been documented in adults 
(Stashak TS, personal communication, 2001). 

Causes 

It has been theorized that in adults excessive tension 
on the hindlimb during extension (c.g., trapping the 
hindlimb in extension beneath the body) causes this in¬ 
jury. 4 This was believed to be the case with one horse 
that slipped, trapping its hindlimb underneath its body, 
while attempting to run barrels in a muddy arena 
(Stashak TS, personal communication, 2001). In one 
study, two of three affected adults were reported to have 
histories of falling/’ 4 It is difficult to determine the forces 
involved tn the causal events. 

The injury in neonates is reported to accompany deliv¬ 
ery of foals with flexure contractures, dystocia, and 
problems rising/ The overriding strength of contraction 
of the biceps femoris and quadriceps muscles opposing 
the gastrocnemius was theorized to be a factor in the 
foals/ It seems that a flexed tarsus would apply tension 
to the gastrocnemius and superficial flexor muscles at 
least as strongly as the former mechanism. One foal sus¬ 
tained a rupture of the gastrocnemius and superficial dig¬ 
ital flexor muscle after jumping out of the back of a pick¬ 
up (Stashak TS, personal communication, 2001). 
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Signs and Diagnosis 

With complete rupture, the hock of the affected limb 
is dropped, so that there is a reduced angle to the hock 
joint and the hock is positioned closer to the ground 
than normal (Fig. 8,425). In addition, the stifle appears 
extended. While the horse attempts to bear weight, the 
hock drops further and the stifle becomes more ex¬ 
tended, indicating loss of the reciprocal apparatus. All 
reported cases have been unilateral. Swelling caudal and 
lateral to the stifle is a consistent finding (Fig. 8.425), 
Foals are usually unable to rise and may be in a debili¬ 
tated state w ith other problems, such as limb deformities. 
The trauma frequently causes hemorrhage ow ing to tear¬ 
ing of the caudal femoral or possibly other vessels; the 
hemorrhage contributes to the swelling and may be 
fatal. 3,5 

When there is a partial or complete tearing of one of 
the heads of the gastrocnemius muscle, the signs are more 
subtle. Swelling may be seen in the caudal thigh region 
(Fig, 8.426), and mild pain may be elicited with deep 

palpation of the muscle overlying the swollen region 
(Stashak TS, personal communication, 2001 >. At a walk. 


the point of the hock may appear to drop slightly during 
weight bearing compared to the unaffected limb (Stashak 
TS, personal communication, 2001). A moderate degree 
of lameness (grade 2 to 5+ out of 5) is usually seen at 
a trot. 

Radiographs are often normal, but avulsion of frag¬ 
ments from the caudal distal femur has been observed 
(Fig. 8.427).* 1 Ultrasound can be used to image the injury 
and defects of rhe lateral head of the gastrocnemius and 
superficial digital flexor muscles. 2 I he defect becomes 
filled with hemorrhage, which can lx* monitored for fi¬ 
brosis during the healing process. One horse had a con¬ 
current patellar ligament desmiris. 2 

Nuclear medicine may also be used to localize the 
injury to the caudal distal humeral region, and radiogra¬ 
phy may confirm the tear of the proximal attachment 
of the gastrocnemius (Fig. 8.428) (Stashak TS, personal 
communication, 2001). 

Treatment 

In neonates, treatment consists of supportive therapy 
and attempts to aid them in rising. The combination of 



Figure 8.425 A Note the flexed hock and extended stifle, 
indicating loss of the reciprocal apparatus, in a foai that ruptured 
the proximal attachment of the gastrocnemius and superficial 



digital flexor muscles when it jumped from the back of a pick-up 
bed. B Note the extensive swelling in the caudal thigh region ot 
the affected limb (Courtesy ol T. S Stashak) 
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some horses show a mild flexion of the hock during 
walking, whereas others show a marked jerking of the 
foot toward the abdomen (Fig. 8.430). The dorsal sur¬ 
face of the fetlock may actually hit the abdominal wall 
in severe cases. Some horses show these signs at each 
step, but in others the signs are spasmodic. In nearly all 
cases, the signs are exaggerated when the horse is back¬ 
ing. The condition is usually most noticeable after the 
horse has rested, but the signs may be intermittent and 
may disappear for some period of time. Any breed may 
be affected, and mild cases may not hinder the horse in 
use. Cold weather may cause an increase in signs, and 
there is usually a tendency toward decreased intensity of 
signs during warm w eather. Most horses affected have a 
nervous disposition, which may play a part in the cause. 
Laryngeal hemiparesis results from the effect on the re¬ 
current laryngeal nerve. 

In either form, the alteration in gait is characteristic 
enough to make the diagnosis; but in some cases, signs 
may be absent at the time of examination. The condition 
must be differentiated from fibrotic myopathy, which 
produces the opposite gait, with the jerk being down¬ 
ward. Intermittent upward fixation of the patella and 
shivering should also be ruled out. Horses affected with 
Australian stringhalt may exhibit other muscle involve¬ 
ment, including laryngeal paresis. 

Treatment 

The classic treatment for typical North American 
stringhalt has been removal of the tendon and a distal 
portion of the lateral digital extensor muscle. Sponta¬ 
neous recovery of horses affected w r ith this disease is un¬ 
common. 4 In one study, 1 of 4 horses treated with rest 
and controlled exercise recovered, 2 improved, and 1 
remained the same. 4 1 have seen one acute-onset string- 



Figura 8.430 When affected by stringhalt the horse 
hyperflexes the limb The downward motion of the limb is normal, 
but the upward {forward) motion is exaggerated {Courtesy of T. S 
Slashak.) 



Figure 8.431 The distal end of the tendon (B) of the lateral 
digital extensor muscle has been transected, and the tendor has 
been pulled through the incision above the proximal end of the 
tendon sheath (A). 

halt in a yearling recover after treatment with therapeutic 
ultrasound. In another study, 2 of 5 horses recovered 
completely after myotenotomy of the lateral digital 
flexor, another improved significantly, and 1 horse re¬ 
mained intermittently affected. The other horse in this 
series had adhesions precluding a complete myoteno¬ 
tomy, and it failed to improve. A single horse affected 
with similar clinical signs responded to distal tarsal anal¬ 
gesia and subsequent steroid injection of those joints.* 
The hyperflexion was possibly a response to the pain of 
the distal tarsiris. At the Colorado State University', some 
benefit has been seen with the use of acupuncture in a 
limited number of cases. 

Surgical resection can be performed in the standing 
position or in lateral recumbency on a surgical table. If 
the horse is to be left in the standing position, it should 
be tranquilized or sedated before preparation of the re¬ 
gion for surgery'. If the horse is placed in lateral recum¬ 
bency, the affected limb should be uppermost. The re¬ 
gion is prepared for aseptic surgery. If the* standing 
position is selected, a local anesthetic should lx* injected 
into the muscle of the lateral digital extensor, starting 
about 10 cm above the lateral malleolus of the tibia. A 
second injection of local anesthetic should be made over 
the tendon below the hock joint just before it joins the 
long digital extensor tendon. 

An incision, approximately 10 cm long, is made over 
the muscle of the lateral digital extensor just above the 
level of the point of the hock (Fig. 8.431). The muscle 
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Most surgeons approach the proximal tibia medially 
to place either a dynamic compression plate (DCP) or 
T-plate. A screw that extends the entire length of the 
epiphysis is used, so as many screw threads as possible 
engage the epiphysis for maximum holding posver (Fig. 
8.436). This technique does not strictly adhere to the 
principles of internal fixation in that the medial cortex 
of the tibia is the compression side of the bone. However, 
this fracture tends to maintain itself in reduction by fric¬ 
tion if the epiphysis has an adequate contact area. 

Fractures in which the metaphyseal fragment occupies 
significantly more than the typical third of the physeal 
surface area are more difficult to maintain in reduction, 
because the proximal fragment tends to slide off laterally 
(Fig. 8.437). Cross-pin fixation is preferred by some sur¬ 
geons for foals less than 50 kg. 2,/ *' M ' i Foals should bear 
some weight on the limb immediately and be walking 
well in 7 to 10 days; 6 complications should be suspected 
if this does not occur. The plate should be removed in 
2 to 3 months. Angular deformity owing to the medial 
physeal bridging is possible, but it usually corrects after 
the plate is removed. 

The prognosis is generally favorable, barring compli¬ 
cations such as failure of the fixation, angular limb de¬ 
formity, infection, or wound dehiscence. 1,6 The smaller 
the foal, the better the prognosis. The proximal physis 
is comparatively resilient and fracture usually does not 
limit normal development. The prognosis for athletic ac¬ 
tivity after successful fixation approximates 50%, 6 



Figure 8.436 Postoperative view of the foal shown in Figure 
8 435. One screw is placed as far as possible across the 
epiphysis, and the other screw engages the metaphyseal 
component of the proximal fragment {Courtesy of C. W. 

Mcll wraith.) 



Figure 8.437 Medially stressed craniocaudal view of a Salter- 
Harris type 2 fracture of the proximal tibia that was repaired by 
internal fixation. Note that the medial collateral ligamenl ruptured, 
evidenced by the widened medial femorotibial joint space (arrow). 
Two plates and seven screws were used in the proximal fragment, 
because the metaphyseal fragment made up about 50% of the 
transverse length of the physis, allowing it to easily slide off 


FRACTURES OF THE DISTAL TIBIAL 
PHYSIS 

Fractures of the distal tibial physis are less common 
than those of the proximal physis. Clinical signs are 
acute lameness, regional swelling, and pain on manipula¬ 
tion of the region. They may be true physeal fractures 11 
or the physis may be entered by a diaphyseal fracture. 1 
One instance of bilateral nondisplaced fractures extend¬ 
ing down to the medial aspect of the physes was reported 
in a weanling Appaloosa that had been fed for show; 
conservative therapy was successful. 14 

Treatment must achieve reduction and stability of the 
fracture; if the tarsocrural joint is involved, the articular 
surfaces should be reconstructed. The distal tibial physis 
is comparatively thin and irregular, making it difficult 
to direct an implant. External coaptation, such as a cast 
applied as closely to the stifle as possible, may be re¬ 
quired to augment internal fixation. Rush pins have been 
suggested when the entire epiphysis is intact.” Alterna¬ 
tively, Stcinmann pins can be placed in a cruciate fashion 
(Fig. 8.438).' If the fracture can be reduced and there 
is no articular involvement, a Thomas splint can be ap¬ 
plied to immobilize the middle to distal tibia in foals 
(Fig. 8.434). Some fractures simply cannot be adequately 
reduced or immobilized, and euthanasia is indicated. 

The prognosis is generally considered fair to good if 
the fracture can be reduced and immobilized. However, 
convalescence from a long bone fracture is never simple 
with horses. If the fracture cannot be reduced or immobi¬ 
lized effectively, then euthanasia is advised. 
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Figure 8.442 Scintigraphy reveals a tibia! stress fracture. The 
emission from this lesion was so intense, none of the remainder of 
the tibia was imaged, 


were not reported, but lameness in other limbs of a few 
horses did occur. The potential role of persisting pain 
from the stress fractures is unknown. Determining the 
time of healing in such an obscure lesion is difficult. Rac¬ 
ing at speed produces stresses that could cause cata¬ 
strophic separation of incompletely healed stress frac¬ 
tures.^ 

Recently, extracorporeal shock wave therapy (ESWT) 
has been applied to tibia! stress fractures.” The number 
of horses treated are few, precluding any conclusions. 
Some benefit has been observed after treating metacarpal 
stress fractures. 12 Note that the desensitization effect of 
ESVCT could facilitate premature return to work with 
disastrous results. Complete healing should be docu¬ 
mented before allowing the horse to return to work. 


DIAPHYSEAL AND METAPHYSEAL TIBIAL 
FRACTURES 

Most complete fractures of the tibial shaft have a spi¬ 
ral configuration and/or arc comminuted. 6 The smaller 
the patient, the better the prognosis for successful treat¬ 
ment. 4>,t There are several causes of tibial fracture, al¬ 
though external trauma (e.g., kicking) and other stresses 
arc frequently implicated.^ <,79 * I2,Y * 30 * 36 * 42 Fractures 
owing to torsion combined with bending and axial 
compressions have been described. 10 These ty pes of frac¬ 
tures resulted from falls during races and occurred spon¬ 
taneously. 42 I have seen several cases in which the tibia 



Figure 8.442 Xeroradiography demonstrates a tibial stress 
fracture Note the endosteal (arrowheads) and periosteal (arrows) 
calluses 


fractured when the horse simply pivoted while running 
in pasture. 

Signs and Diagnosis 

Incomplete or nondisplaced fractures of the tibia can 
be difficult to diagnose; acute lameness may abate with 
time. Visible or palpable swelling or pain is often absent, 
making localization of the problem difficult. Minimally 
displaced fractures may cause edema in the soft tissues 
overlying the thinly covered medial tibial cortex. The 
degree of tameness varies from severe to mild, depending 
on the degree of instability and duration. 19 * 20 Visible 
swelling or pain on palpation may be absent. Chronic 
fractures may begin to produce an externally visible cal¬ 
lus that appears as swelling. 1 *' 

Radiographs may have to he taken in several oblique 
views to demonstrate the fracture line; grid or digital 
enhancement is helpful. Radiographic findings may in¬ 
clude a fracture line, but an intramedullary or cxtracorti- 
cal callus may be the only abnormality. Nuclear scintig¬ 
raphy is an invaluable imaging technique for obscure 
tibia) lesions. 20 * 29 

Complete fracture of the tibia is characterized by the 
inability to bear weight on the affected limb, marked soft 
tissue swelling, angular deformity, and regional crepita¬ 
tion (Fig. 8.444), Craniomedial overriding of the proxi¬ 
mal fragment coupled w-ith valgus angulation frequently 
results in an open fracture because of the thin soft tissue 
covering the medial aspect of the tibia. Complete frac- 
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Figure 0.445 The comminuted midshaft tibtal fracture 
sustained by the horse shown in Figure 8434 was managed with 
a Thomas spilnt and an external fixator. 

the fractured limb, once healed, may turn out to be the 
best limb on an unsound horse. The most common com¬ 
plication in the adult is support limb laminitis in the 
contralateral or other limbs. In general, athletic function 
should not be expected in horses with complete tibia) 
fractures treated by external coaptation. 

Internal fixation with compression plates and screws, 
when applicable, is the best option. | 4' 7 ’ 9 * 4 * Success de¬ 
pends on sufficient space proximal and distal to the frac¬ 
ture to place enough screws for adequate stability and 
in ter fragment ary compression along the fracture line. 
Bramlagc and Hanes reported the successful treatment 
of a tibia I fracture in an adult horse. In the tibia, the 
tension surface is cranial and the compression surface is 
caudal. 1 ”** 4 With the horse in dorsal recumbency, use a 
cranial approach and place two plates: one craniolateral 
and the other craniomedial at a 90° angle to each other. 
Plates should extend the entire length of the bone and 
should not begin or end at the same point. The caudal 
cortex must have a buttress to prevent cycling of the 
plates. ' ,,A9 

Foals occasionally require less fixation for successful 
repair (Figs. 8.446 and 8.447). When necessary, the frac¬ 
ture may be reconstructed using lag screws beside the 
plates to stabilize the fracture for plate application and 
to provide better in re rf ragmen tary compression (Fig. 
8.447). A cast should not be applied for recovery 7 , be¬ 
cause it will change the tension forces tin the bone and 
result in additional stresses at the fracture. * M In all 
cases, the horse should be assisted in its recovery from 
anesthesia. Euthanasia is advised for adult horses that 
have sustained irreparable severely comminuted frac¬ 
tures. 



Figure 8.446 A. Craniocaudal view ol a midshatt tibia) fracture 
in a foai that was repaired with two plates B By the 6-month 
follow up. healing of the fracture can be noted (Courtesy of T S 
Stashak) 
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Figure 8.447 A Lateromedial view of an oblique mtdsftaft screw compressing the Iracture line. Note the solid caudal buttress 

fracture of the tibia m a foal. B. The fracture was repaired with a on the caudal aspect of the tibia. C. The healed fracture 

single plate placed on the cranial aspect of the tibia and a single (Courtesy of N A White) 


Interlocking nails have been developed to treat proxi¬ 
mal equine long bone fractures. 21-26 Although promis¬ 
ing in some respects, the torsional strength of the inter¬ 
locking nail has not reached that of double plating. In 
addition, a specific fracture configuration is required. 
In summary, more work is needed before the technique 
should be applied in the clinical situation. 2 

Half-pin and transfixation pinning has also been suc¬ 
cessful in one report 5 and one foal at the author’s hospi¬ 
tal (Fig. 8.445). It is doubtful that the application is use¬ 
ful for adult horses. Successful experimental external 
fixation has been reported in foals, 4 " This technique can 
be successfully applied only under certain circumstances, 
c.g., for a transverse, midshaft fracture with no proximal 
or distal fracture lines in a horse weighing less than 125 
kg. This situation arises rarely in the clinical situation; 
however, one such case is reported by Bignozzi ct al. 
The authors noted that the fracture would have been 
more stable with double-pin fixation. The general suc¬ 
cess and lack of aftercare with internal fixation override 
considerations of external fixation in most situations, 
except when soft tissue loss has occurred. If external fixa¬ 
tion is chosen, pin placements should be limited to the 
transverse plane; pins should not placed in the cranio- 


caudal direction. In some cases, external fixation may 
be used to aid stability achieved with external coapta¬ 
tion, such as a Thomas splint (Fig. 8.4.14), 

Prognosis 

The prognosis for a fractured tibia in an adult is 
guarded to poor, Nondisplaced fractures may heal with 
stall rest, but separation remains a possibility for several 
weeks. The difficulty in successfully repairing a com¬ 
pletely separated tibia I fracture in an adult is reflected 
in the few reports in the literature. Each case is different 
and has its own set of considerations. 

In a series of nine foals with tibial fractures repaired 
by internal fixation using plates and screws, six horses 
obtained excellent results and two recovered. 4 * How¬ 
ever, the prognosis depends on the type of fracture sus¬ 
tained, its duration, and the treatment selected. 
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Figure 8.446 Crantocaudal view of the proximal tibia. Note the 
fibrous union in tt>e fibula that is commonly mistaken tor a fracture 
(arrow). 


scintigraphic and radiographic findings; scintigraphy 
also revealed a probable contralateral femoral neck 
stress fracture. The nonunion was treated by placing an 
autogenous cancellous bone graft with the horse stand¬ 
ing. The fracture ossified by 90 days after surgery', and 
the horse was training at 11 months. The contralateral 
lameness persisted, and the horse was retired. 

In one study, histologically necrotic foci of fibrous 
tissue, islands of bone, and cartilage in the discontinuous 
part of the fibula were observed. Associated with these 
conditions were organic changes within the peroneal 
(fibular) and ribial nerves that were thought to contrib¬ 
ute to a mild disorder of locomotion of the hindlimb. 1 
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OSSIFICATION VARIATIONS OF THE 
TIBIAL CREST (TUBEROSITY) 

In one report, a yearling Thoroughbred coll was ex¬ 
amined and found to have bilateral shortening of the gait 
behind and slight unilateral hindlimb lameness. 2 Flexion 
of each hindlimb increased the lameness in the respective 
hindlimb. Radiographs revealed bilateral changes on the 
tibia! tuberosities consisting of apparent small osseous 
separations on the most cranial aspect of each. The 
physes were also thought to he wider than normal dis- 
tally. Radiographs taken after 7 weeks of stall rest dem¬ 
onstrated that the cranial densities had ossified to be¬ 
come part of the remainder of the apophysis. A 
previously less apparent lucency in the apophysis at the 
distal limit of the separate osseous density had become 
more radiolucent. No clinical significance could be 
placed on the finding. 

Similar findings were reported in eight Thoroughbred 
horses I to 3 years old. 1 Unilaterally affected horses were 
described as moving away from the affected limb at the 
trot. Treatment consisted of rest of up to 3 months. 

T his is an interesting example of the variation in ossi¬ 
fication patterns that may be seen in many places within 
immature horses. However, the tibial crest is both fre¬ 
quently radiographed and variable (Fig. 8,449). Lame- 



Figure 8.449 Lateromedial view demonstrating a temporarily 
incompletely ossified tibial crest in a yearling Standardised filly 
The fragment (arrow) eventually becomes incorporated into the 
remainder of the tibial crest. 
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Figure 8.464 A Cramocaudal view o! slight medial condylar 
flattening (arrows) in a yearling Thoroughbred with lameness 
localized to the medial (emorotibial joint 8 At the 3-month follow¬ 
up, the lesion progressed to a slight dimple (arrows). C. At the 6- 


month follow-up a subchondral cyst was seen (arrows), and the 
le&on was surgicalty debnded D By 6 months postsurgery, the 
cyst had a sclerotic lining and a more irregular shape 
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Figure 6.472 Latewnecfial view ol fragmentation of the apex 
(distal aspect) of the patella (arrow). (Courtesy of FI. 0. Park.) 


changes include bony fragmentation, spurring (with or 
without an associated subchondral defect), subchondral 
roughening, and subchondral lysis of the distal aspect of 
the patella (Fig. 8.472). 

Treatment 

All affected horses are treated with arthroscopic sur- 
gery. The lesions at arthroscopy vary from flaking, fis- 
suring, undermining, and fragmentation of rhe articular 
cartilage to fragmentation or lysis of the bone at the dis¬ 
tal aspect of the patella. The subchondral bone is in¬ 
volved in all horses that have had previous medial patel¬ 
lar desmotomy. Fragments may be buried in the synovial 
membrane and tend to emanate from the more lateral 
portion of the distal patella. 14 * 21 

Prognosis 

fn one study, of the 12 horses that had a previous 
medial patellar desmotomy, 8 became sound for their 
intended use. Of the other 3 horses, 2 performed well at 
their intended use, but I was unsatisfactory*. 14 Docu¬ 
mented patellar misalignment seems to disappear with 
time. 1 * 
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Femorotibial joint fractures are uncommon; however, 
they are important injuries because rhe ongoing synovitis 
and possible instability can lead to osteoarthritis and per¬ 
manent lameness. Most fractures seem to occur with a 
compression and rotation or avutsing type of injury. 
These are not common sites for direct trauma. 


These fractures generally cause marked acute lame¬ 
ness, but the lesion is nor readily apparent until radio¬ 
graphs are taken. The femorotibial joint usually remains 
outwardly stable, but the horse resents flexion or other 
manipulation. Inconsistently, femoropatellar effusion 
may occur. Often intraarticular analgesia is required to 
locate the problem. Sites that have been affected include 
the caudal medial femoral condyle, 2 the caudal medial 
tibial condyle, and the medial intercondylar eminence of 
the tibia (Fig. 8.473 ), 5 *" Also reported are Salter-Harris 
type 3 fractures of the lateral condyle, 3 Salter-Flarris 


Signs and Diagnosis 


INTRAARTICULAR FRACTURES OF THE 
FEMOROTIBIAL JOINT 
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Figure 8.476 A Lateromedia view of irregularity on the medal reveals that the cartilage on the femur (upper) and tibia (lower) is 

femoral condyle (arrows) that was noted while investigating eroded The affected areas were deb tided 

moderate lameness after a periarticular infection B Arthroscopy 


ration; most had been lame 3 months or longer. Al¬ 
though the temorotibial joints did not often show visible 
effusion, 2 horses with severe lesions displayed effusion. 
Lameness increased after hindlimb flexion and im¬ 
proved, hut usual!) did not resolve, after intraarticular 
analgesia of all three stifle joints. Stifle radiographs were 
normal. In the 11 horses, 12 joints were affected in the 
medial femoral condyle. Based on results of the lameness 
examination, the joints were explored arthroscopically, 
which revealed cartilage defects in the central condylar 
regions where subchondral cystic lesions often occur. 
The lesions consisted of focal to generalized cartilage 
disruption. Cartilage was dimpled and infolded and 
often had sustained full-thickness damage. Overall, the 
lesions represented cartilage degeneration and were de- 
brided routinely to healthy subchondral bone and sur¬ 
rounding cartilage. However, joints containing general¬ 
ized cartilage disruption were left as found. Of the 7 
horses with focal lesions, 6 recovered and returned to 
racing, eventing, dressage, jumping, etc. Only 1 of 4 
horses with generalized cartilage disruption recovered 
but w f as soon retired from active work. 

The cause of the arthropathy in adults remains specu¬ 
lative. The horses affected in both medial and lateral 
femoropatellar joints could be suspected to have suffered 
trauma resulting in instability. Had that been true, scin¬ 
tigraphy would possibly have revealed sites of entheso- 
pathy. Also possible is chronic OCD, but that poses more 
questions than it answers. Full-thickness cartilage lesions 
involving bone have been demonstrated to cause SCLs. 2 i 
Possibly the lack of radiographic findings in these horses 
indicates the subchondral bone resisted deeper lesion for¬ 
mation or perhaps the occurrence of a broader lesion 
prevented development of the hydraulic forces necessary 


to produce the bone necrosis to form the subchondral 
cyst. One could speculate that the adult lesions represent 
continuation of the type 2 lesions described in foals. 
However, the primarily affected areas on the condyles 
are different. The cause notwithstanding, the report sub¬ 
stantiates the need for arthroscopic evaluation of many 
intraarticular problems localized but unremarkable on 
radiographs. Scintigraphy could contribute further to the 
understanding of the condition. 
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FEMOROTIBIAL COLLATERAL LIGAMENT 
INJURY 

Collateral ligamentous injury to the stifle is not com¬ 
mon. When it does occur the medial collateral ligament 
is most commonly involved. All reported cases of femor- 
otihial collateral ligament injury have been in adult 
horses, 1,6 except when associated with a Salter-Harris 
type 2 fracture of the proximal tibia in foals. Collateral 
ligament injury results in lameness from the primary in- 
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Prognosis 

The prognosis is quite poor when a cruciate ligament 
is completely ruptured. Materials currently available for 
reconstruction of cruciate ligaments in humans and dogs 
will not withstand the forces in horses. For horses that 
have partially ruptured cruciate ligaments, the more re¬ 
maining intact ligament, the better the prognosis. Return 
to complete soundness after arthroscopically visible cru¬ 
ciate injury is uncommon. 6 A 2-year-old Standardbred 
colt returned to racing after removal of a fragment asso¬ 
ciated with the distal attachment of the cranial cruciate 
ligament and the cranial medial mcniscal ligament. 4 


CRANIAL OR CAUDAL CRUCIATE 
LIGAMENT INJURY 

Cruciate ligament injury usually occurs in adults from 
a traumatic episode 5 ’ 3 ’ 4,6 * The cranial cruciate ligament 
(CCL) is the one most commonly ruptured and may be 
damaged along with the medial collateral ligament. The 
CCL in the horse originates from the caudomedial aspect 
of the lateral femoral condyle and inserts on the medial 
intercondylar tubercle of the tibia. It provides rotational 
and craniocaudal stability. Damage to the medial menis¬ 
cus occurs when the cranial cruciate ligament is damaged 
or from the resulting instability of the femorotibial joint. 


Signs and Diagnosis 

The degree of lameness depends on the degree of in¬ 
jury and femorotibial instability. The lesion varies from 
simple desmitts to fiber disruption to sprain fracture (Fig. 
8.473). If the ligament is sprained but not ruptured or a 
partial sprain fracture occurs, diagnosis can Be difficult. 

Femoropateltar effusion is often present. In one study, 
physical instability was detected via the cruciate test in 
only 1 of 10 standing horses and in 6 of 10 horses under 
general anesthesia. 6 Radiographs frequently show avul¬ 
sion of a tibial fragment (f ig. 8.473 and Fig. 8.478) 6 or 
displacement of the femur relative to the tibia. In chronic 
cases, a cystic lucency may occur at the site of the in¬ 
jury/ 0 An in vitro study in ponies demonstrated ligamen¬ 
tous failure only in 9 of 15 stifles, combined ligamentous 
tibial insertion failure in 4, and combined ligamentous 
and femoral insertion failure in the remaining 2 ponies/ 
The implication was that radiographs may not be useful 
in diagnosing CCL rupture in norses. However, clinical 
cases usually combine CCL rupture with medial collat¬ 
eral ligament (MCL) damage (Fig. 8.478), so the dynam¬ 
ics are evidently different. Scinrigraphy may localize the 
injury in more obscure situations. The cruciate ligaments 
could not be imaged ultrasonographkrally in one study, 5 
but were mentioned in normal horses by another. 7 The 
ultrasonographic image of the change may be limited to 
the insertion on the cranial proximal tibia. 

The degree of cruciate injury can be evaluated arthro¬ 
scopically . 6J0 Disrupted tissue can be debrided in the 
hope of healing, or complete disruption may be con¬ 
firmed. 
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MENI8CAL INJURIES 


Meniscal injuries occur from acute trauma and may 
progress to chronic osteoarthritis. Acute lameness may 
follow disruptive trauma, or subtle chronic lameness 
may be more difficult to localize. Osteoarthritis may 
occur from the instability or from the persistent synovi¬ 
tis. The medial meniscus is much more commonly af¬ 
fected than the lateral. The lateral meniscus is tightly 
invested by its cranial and caudal ligaments, and forces 
that disrupt those attachments are devastating to the 
horse. Of a series of 126 horses undergoing arthroscopy 
for stifle lameness, 7 had meniscal injury. 1 The medial 
meniscus was affected in 5 horses, and the lateral menis¬ 
cus in 2 horses. 


Signs and Diagnosis 

Horses with acute injury are often extremely lame, 
and other soft tissue structures of the stifle are usually 
damaged as well. Localizing the source of the lameness 
is not difficult in these horses. Horses with chronic injury 
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Figure 8.4B3 A Ultrasound examination revealing a normal left ligament is enlarged and its central portion is hypoechogemc 

middle patellar ligament B The affected right middle pateltar (large white dot). (Courtesy of T S. Stashak) 


served in the middle patellar ligament, although any pa* 
tellar ligament can be affected, and is probably caused 
by direct trauma (Fig. 8.483), 1,3 

Signs and Diagnosis 

Affected horses are usually athletes, and many are 
eventers or jumpers. Direct trauma from striking a jump 
is a major risk factor. The degree of lameness is often 
related to an osseous lesion at the origin or insertion of 
the affected patellar tendon. These more extensive le¬ 
sions are not usually challenging to locate. Identification 
and palpation of a swollen painful region within the liga¬ 
ment may be possible. 

Middle patellar tendon lesions have been described as 
linear lucencies with fiber tearing or central hypoechoic 
regions similar to other desmoparhies. 1 Proximal and 
distal enthesopathies reflect bony disruption in addition 
to the soft tissue lesion/ The medial patellar ligament is 
affected by upward fixation of the patella 2 and fractures 
from the medial aspect of the patella. 3 Extensive loss of 
density can be observed in animals with chronic intermit¬ 
tent upward fixation of the patella; after resolution, the 
tissue is healed, although thickened/ Lateral patellar lig¬ 
ament desmopathy has been observed concurrently with 
tibial tuberosity fracture. 2 

Treatment 

When the injury is confined to the soft tissue, therapy 
consists of rest and local and systemic anti-inflammatory 
therapy. Smaller enthesopathies or fragments may also 
be treated conservatively with stall rest and time allowed 
to heal. Ultrasonographic monitoring of the healing pro¬ 
cess is helpful. When the ligament injury accompanies a 
larger or mtraarticular fragment, arthroscopic removal 
is usually indicated. After prolonged rest and apparent 


soundness, synovitis and lameness tend to reoccur. It 
may help to remove the fragment so fibrous healing can 
reattach to the parent bone instead of being obstructed 
by the fragment. 

Prognosis 

The general outlook for patellar tendon injuries is 
good, provided adequate time is allowed the ultrasono¬ 
graphic lesions to resolve and the osseous lesions to heal. 
Continued training in spite of injury could lead to insta¬ 
bility and osteoarthritis. 
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UPWARD FIXATION OF THE PATELLA 

Upward fixation of the patella (UFP) occurs when the 
medial patellar ligament becomes caught over the medial 
trochlear ridge (Fig. 8.484). If it becomes fixed in that 
position, the hindlimb cannot be flexed, and the horse 
assumes a posture in which the affecred limb is extended 
in a caudally abducted position (Fig. 8.485). The condi¬ 
tion may be present in only one hindlimb, but careful 
examination often reveals susceptibility in both hind- 
limbs. 

Causes 

UFP has generally been thought to occur in horses that 
have exceptionally straight hindlimbs. The fcmorotibial 
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Figure 8.491 Repair of the fracture shown in Figure 0 489. 
using a stacked pin technique There must be enough pins to 
prevent rotational instability (Courtesy of T. S. Stashak.) 


pocted. One report in experimental fractures in (65- to 
140-kg) donkeys noted some success; however, the study 
was performed in adult donkeys. 21 Controlled relatively 
atraumatic fractures produced in adult bone do not 
simulate clinical fractures in foals. This pinning tech¬ 
nique is most useful when used in young, sedate foals 
(Hg. 8.491). 

Interlocking nails have been investigated for repair 
of diaphyseal femoral fractures. The work to date has 
generally demonstrated that double-plate fixation pro¬ 
vides more rotational stability. 14,16 

4 

Bone screw fixation provides good stabilization of 
capital or femoral neck fractures if the screws can be 
properly placed and interfragmentary compression is 
added/* 1 K In one report, a nondisplaccd fracture of the 
roximal femoral growth plate was Treated successfully 
y direct pinning with Knowles pins and intraoperative 
radiographic monitoring.* * Repair of displaced fractures 
of the proximal femoral physis requires open reduction 
to reposition the head and the neck before pinning (Fig. 
8.492)/’ Femoral head ostcctomy was described for 
three ponies and six horses; one pony and csvo horses 
survived. Although a permanent lameness resulted, the 
pain was relieved and the animals were sound for repro¬ 
ductive purposes. 19 A device for repairing femoral neck 
fractures was investigated, but further reports have not 
been made. 1 *' 


Distal physeal fractures arc difficult to repair because 
there is little space for an adequate number of screws to 
he placed distal to the fracture; thus many are not 
treated/ Options for stabilizing distal physeal fractures 
include an angled blade plate/ condylar buttress plate, 1 s 
cobra-head and dynamic compression plate (DCP)/ 2 
and cross-pins or Rush pins. One Salter-Harris type 2 
fracture was repaired using an angled blade place. 8 Rush 
pins or cruciate placement of Steinmann pins can also 
he considered (Fig. 8.493). Use of a condylar buttress 
plate in the successful repair of a Saltcr-Flarris type 2 
fracture in a yearling Pony of America has been re¬ 
ported. 1 5 The plate was not removed. A minimally dis¬ 
placed Salter-Harris type 4 fracture in a yearling that 
w r as treated conservatively healed to allow the horse to 
reach racing status/ A more displaced Salter-Harris type 
4 fracture in a yearling was successfully treated by lag 
screw repair/ 


Prognosis 

The prognosis for fracture of the femur largely de¬ 
pends on the age of the horse, the location and rype of 
fracture, and the horse's intended use. Generally, femo¬ 
ral fractures in horses older than yearlings carry a poor 
prognosis for a successful outcome. A much better prog¬ 
nosis can be expected in young animals with nondis- 
placed fractures or simple oblique midshaft fractures that 
are stabilized by internal fixation/ In a series of 17 surgi¬ 
cally repaired diaphyseal fractures, 9 healed. 1,8 Of those, 
6 were considered to have no sign of previous fracture/ 
The mean age for successfully treated foals w r as 2 months 
compared to 4 months for unsuccessfully treated foals/ 
Of 4 foals with oblique midshaft femoral fractures 
treated by stall rest alone, 3 horses became sound for 
breeding, hut fracture disease associated w ith prolonged 
non weight bearing presented problems during the heal¬ 
ing period. 1 ’ 

Proximal and distal growth plate fractures have a 
guarded prognosis for athletic function, but breeding sta¬ 
tus is possible. A single successful report of lag screw 
repair of a proximal grow th plate fracture in a 2-momh- 
old Arabian foal included removal of the screws after 10 
months. 1H Another report describes the successful repair 
of a femoral neck fracture in an adult pony/ Pin fixation 
of a nondisplaced femoral capital fracture was also suc¬ 
cessful/’ 

In a series of 25 horses (aged 11 days to 12 months) 
with proximal growth plate fractures that also sustained 
proximal physeal fractures, 21 were destroyed because 
of a poor prognosis as a result of duration and osteoar¬ 
thritis. 1 " In another study, surgical repair was at¬ 
tempted in 2 foals using stacked intramedullary pins 
and in 1 foal using a lag screw and plate fixation. 
The 2 patients repaired with pins were euthanatized 
within 2 weeks ow'ing to failure of the repair. The foal 
with the lag screw fixation became breeding sound. 
Nonsurgical treatment of displaced capital fractures 
results in osteoarthritis. For slipped capital epiphyses, 
femoral head ostcctomy may lx considered as a salvage 
procedure for breeding. 
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A congenital form of fibrotic myopathy-type syn¬ 
drome has been reported. 2 Foals are born with an alter¬ 
ation in their gait characteristic of fibrotic myopathy in 
the hindlimb. On palpation, a tightening of the semiten- 
dinosus muscle is appreciated but no firm thickening of 
the muscle typical of fibrotic myopathy is palpated. Be¬ 
cause no fibrous thickening of the muscle is present, con¬ 
genital restrictive myopathy may be a more appropriate 
description of this entity. 

Causes 

The cause of the fibrosis is always trauma, which 
takes several forms. Involved muscles may be injured 
during sliding stops in rodeo work, from slipping and 
getting the hindlimb caught on the underside of a norse 
trailer, from resisting a sideline, from catching a foot in 
a halter, from intramuscular injections, or from being 
kicked. 2 The lesions arc usually unilateral, but a case 
of bilateral fibrotic myopathy resulting from a trailer 
accident has been reported. 2 In some cases, the exact 
cause of the injury is not known, since clinical signs are 
often missed during the initial inflammatory stage. When 
the injury heals and adhesions form between the involved 
muscles, the adhesions cause tameness. Ossification is 
believed to be a more severe progression from the fi¬ 
brosis. 

The cause of the congenital form is unknown, al¬ 
though parturient muscle trauma has been described to 
cause rupture of the gastrocnemius muscle. s It is conceiv¬ 
able that similar trauma could also affect the semitendi- 
nosus under different stresses at birth or shortly after. 

Three cases of fibrotic mvopathv accompanied by 
neurogenic atrophy of the affected muscles have been 
reported. All three horses underwent necropsy where 
peripheral nerve and muscle degeneration were discov¬ 
ered. One horse had a fracture of the greater trochanter 
and accompanying sciatic nerve impingement. No gross 
lesions were found in the other two horses. 

Signs and Diagnosis 

The signs are the result of adhesions between the sem- 
itendinosus muscle and the semimembranosus muscle 
medially and between the semitendinosus and the biceps 
femoris muscle laterally (Fig. 8.494). These adhesions 
partially inhibit the normal action of the muscles. In the 
cranial phase of the stride, the foot of the affected hind- 
limb is suddenly pulled caudally 3 to 5 inches just before 
contacting the ground {Fig. 8.495). Usually, the lameness 
is most noticeable when the horse walks. The cranial 
phase of the stride is shortened, so consequently the cau¬ 
dal phase is lengthened. This abnormal gait, which is 
easily identified, mav result from either fibrotic or ossi- 
fying myopathy. An area of firmness can be palpated 
over the affected muscles on the caudal surface of the 
affected limb at the level of the stifle joint and immedi¬ 
ately above it (Fig. 8.496). Occasionally, the lesion is 
deep and difficult to palpate or it is in the medial gaskin 
affecting the gracilis. If the gracilis is affected, the slap 
motion is more lateral to medial. 

The diagnosis is based on the altered gait and on pal¬ 
pation of a hardened area on the caudal surface of the 



Figure 8.496 The area most commonly affected by fibrotic 
myopathy is indicated with double lines. This is also the line ol 
incision for directly approaching the mass for removal 


limb at the level of the stifle joint. In making the diagno¬ 
sis, stringhalt should also be considered. In stringhalt, the 
limb is pulled toward the abdomen, whereas in fibrotic 
myopathy, the foot is pulled toward the ground in a 
caudal direction just before the foot contacts the ground. 
In fibrotic myopathy, the limb is limited in the cranial 
phase of the stride by adhesions and by lack of elasticity 
in the affected area of the muscle belly, causing the limb 
to be pulled caudally before the full length of stride is 
reached. 


Treatment 

There are two approaches to surgical correction of 
fibrotic myopathy. Adams 1 described complete removal 
of the affected fibrotic muscle tissue. Bramlage et al. 2 
described a semitendinosus tenotomy to release that 
muscle. The tatter technique is less invasive and is ex¬ 
pected to be effective if the problem is unaffected by 
other muscles. 

To completely remove the affected fibrotic muscle tis¬ 
sue, the horse is positioned in lateral recumbency with 
the affected limb up. The area of the crus caudal to the 
stifle is aseptically prepared. A vertical incision at least 
10 cm long is made over the caudal aspect of the semiten¬ 
dinosus tendon (Fig. 8.496). The tendon is identified, 
and the adhesions from the semimembranosus and the 
biceps femoris muscles are removed. The belly of the 
fibrotic semitendinosus muscle (or affected muscles) is 
isolated, and a 4-inch portion is removed. The part re¬ 
moved should include 4 cm of tendon and 4 cm of muscle 


Copyrighted material 



Chapter 6 Lameness 1035 


RUPTURED QUADRICEPS 

Ruptured quadriceps muscle is a rare condition that 
causes the horse to present with a dropped stifle. A single 
case was observed in a nursing foal and was of unknown 
cause. The patella was prominent owing to the cranial 
position of the stifle witnout the quadriceps attachment 
(Stashak TS, personal communication, 2001). An addi¬ 
tional case was reported in the literature. 1 
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FEMORAL NERVE PARALYSIS (CRURAL 
PARALYSIS) 

Paralysis of the femoral nerve affects the quadriceps 
femoris group of muscles. This muscle group is com* 
posed ot the rectus femoris muscle, the vastus lateralis 
muscle, the vastus media I is muscle, and the vastus in¬ 
termedins muscle. This large muscular mass covers the 
front and sides of the femur, inserts onto the patella, and 
extends and fixes the stifle. 


Causes 

Femoral nerve paralysis may arise from trauma or 
from unknown causes and may be associated with rhab- 
domyolysis. Injury to the nerve may occur from over¬ 
stretching of the limb during exertion, kicking, slipping, 
or while the horse is tied in a recumbent position. It has 
also been reported as a complication ot general anes¬ 
thesia. 1 

Hemorrhagic neuritis was described in one horse that 
was euthanatized because of femoral paralysis. 1 Normal 
horses compared at necropsy had no such lesions. The 
affected horse also had myoglobinuria and lesions of 
rhabdomyolysis. Postmortem studies revealed that the 
femoral nerves were placed in tension by extending the 
hindlimbs behind the horse, whereas lifting the horse 
by the hindlimbs did not place tension on the femoral 
nerves, 1 The potential roles or the interaction of femoral 
paralysis and rhabdomyolysis warrants further investi¬ 
gation. 


Signs and Diagnosis 

The horse assumes a crouched position with the fet¬ 
locks flexed and the toes on the ground; it is not able to 
bear weight on the affected limb. The horse has difficulty 
advancing the limb but can do so because the hock can 
be sufficiently flexed to pull the limb forward. Because 
the horse cannot bear weight on the limb, compensation 
must be made in the gait. After the condition has been 
present for some time, atrophy of the quadriceps muscles 
occurs, causing these muscles to lose their normal soft¬ 
ness and become more like tendinous structures (Fig. 


8.499). If rhabdomyolysis is present, the horse is in more 
pain and is less willing to attempt to stand. 

These signs are characteristic and arc used for diagno¬ 
sis. The condition should be differentiated from lateral 
(true) luxation of the patella, rupture of the quadriceps 
femoris muscles, avulsion of the tibial crest, and distal 
luxation of the patella. Any of these conditions could 
cause a similar syndrome; however, all of these condi¬ 
tions are rare. Lateral luxation of the patella can be diag¬ 
nosed by palpation of the displaced patella; rupture of 
the quadriceps femoris muscle can also be palpated. A 
radiologic examination can determine avulsion of the 
tibial crest where the patellar ligaments insert. EMG of 
the quadriceps femoris muscles—conducted 5 days after 
the first signs of femoral nerve paralysis are noted—pro¬ 
vides a definitive diagnosis. 

Treatment 

No treatment is known. If the condition is the result 
of injury of the femoral nerve, the animal should be 
stalled until improvement has occurred. If rhabdomyoly¬ 
sis is present, intensive care and support is indicated for 
that, and repeated attempts to use the muscles should be 
discouraged. 

Prognosis 

The prognosis is guarded to unfavorable. In a report 
of two cases of postancsthctic femoral paralysis, one had 
concurrent rhabdomyolysis and was euthanatized. The 
other responded to supportive therapy and was standing 
well 7 days after the onset. 1 The prognosis should be 
withheld until sufficient time has elapsed to determine 
if any function will return. 
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CALCINOSIS CIRCUMSCRIPTA 

Calcinosis circumscripta m the horse is a calcified 
mass commonly located on the lateral aspect of the gas- 
kin adjacent to the stifle. The condition has also been 
observed to occur over the carpus, 4 tarsus." shoulder, 
tarsus, and pectoral region.' A review of 18 reported 
cases of calcinosis circumscripta revealed thar 16 were 
adjacent to the stifle and all were in young male horses. 1 
In another report, the age range at presentation for the 
condition was from 1 to 13 years. * The condition has 
not been reported in foals younger than 6 months of age. 

Causes 

The cause is unknown. The description of the lesion 
best fits that of dystrophic calcinosis characterized by 
calcinosis circumscripta. Tumor calcinosis implies a met¬ 
abolic derangement in calcium-phosphorus metabolism, 
leading to hyperphosphatemia and resulting accumula¬ 
tion ot deposits of calcium phosphate. 6 Although few 
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tachment from the prcpubic tendon and passes through 
the acetabular notch to insert on the humeral head. A 
smaller shorter ligament rises from the pubic groove and 
attaches to the fovea in the head of the femur adjacent 
to the accessory ligament. This smaller ligament appears 
to play only a small role in joint stability. Occasionally, a 
partial tear or complete rupture of the accessory ligament 
can occur without resulting in a coxofemoral luxation. 
In this case, the head of the femur has a greater range 
of motion than is normal, resulting in degenerative 
changes in the joint and lameness. 

Etiology 

Trauma is the etiology of the partial tear or rupture 
of the accessory ligament. The same stresses/injury that 
cause luxation of the coxofemoral joint can cause injury 
to the accessory ligament without resulting in a joint 
luxation. 

Signs 

A history of trauma or acute onset of lameness is com¬ 
mon. Although the history indicates a problem, the diag¬ 
nosis may be delayed particularly if the ligament is only 
partially torn/ 

Signs of accessor) ligament rupture are very similar 
to those of luxation, The notable exception is that the 
hindlimbs are the same length. 1 Signs that characterize 
accessory ligament rupture are toe-out, stifle-out, and 
hock-in appearance of the affected hindlimb. This same 
appearance is also present in luxation of the coxofemoral 
joint, but the limbs arc uneven in length (Fig. 8.500). If 
the condition is chronic, atrophy of the gluteal muscles 
on the affected side is usually apparent. Direct firm inter¬ 
mittent pressure applied over the greater trochanter will 
usually result in a painful response. Limb manipulation 
and flexion of the hip joint are also painful. Crepitation 
over the joint may be present because of the excessive 
motion of the femur allowed by rupture of the ligament 
or because of osteoarthriric changes that occur/ Com¬ 
parison of the limbs will show that they are equal in 
length when the ligament is ruptured and luxarion has 
not occurred. Although the signs often localize the prob¬ 
lem to the hip region, intrasynovial anesthesia may he 
required in some to prove the joint is affected. For infor¬ 
mation regarding the technique for intrasynovial anes¬ 
thesia of the hip joint the reader is referred to Chapter 
3. 

Signs associated with a partial tear of the accessory 
ligament are less clear than those seen with complete 
rupture of the ligament. Vary ing degrees of gluteal mus¬ 
cle atrophy will be observed, particularly in chronic 
cases. Umb manipulation, particularly hip abduction 
and flexion of the joint, is usually resented, but crepita¬ 
tion is not felt. Intermittent firm pressure applied exter¬ 
nally to the greater trochanter usually elicits a painful 
response/ Lameness is moderate to severe, but the hock- 
in and stifle- and toe-out appearance is generally not 
observed. Intrasynovial anesthesia of the coxofemoral 
joint will be required in some cases to localize the prob¬ 
lem to the hip joint. 



Figure 8.500 Rupture Of the accessory ligament of tt>e 
coxofemoral joint. The stifle-out, toe-out, hock-in attitude of the 
limb typifies rupture of the round ligament. This same attitude is 
also present when the joint has luxated. When the round ligament 
ruptures, but the joint does not luxate, the limbs are the same 
length 


Diagnosis 

Diagnosis for complete rupture of the accessory liga¬ 
ment is based on the signs of stifle-out, roe-out, and 
hock-in appearance with equal length of the limbs. It the 
horse is anesthetized and laid on its back, a radiograph 
of the joint can be taken. If the condition is long standing, 
radiography will reveal severe degenerative (DJD) 
changes. Otherwise, the abnormal position or the femo¬ 
ral head in the acetabulum can be identified/ 

Diagnostic approaches used to identify a partial tear 
of the accessory ligament may include scintigraphy, ra¬ 
diography, and artnroscopy. Although not diagnostic for 
a partial tear, scintigraphy will show a mild to moderate 
radionuclcotidc accumulation in the affected hip, partic¬ 
ularly if degenerative joint changes (DJD) are present. 4,5 
Lateral and dorsoventral scans are recommended. Ra¬ 
diography may identify changes associated w ith DJD of 
the hip joint. However, in acute cases the study may 
appear normal, Arthroscopy of the coxofemoral joint, 
although challenging, has been used to diagnose partial 
and complete ruptures of the accessory ligament/' 5 

Treatment 

There is no effective treatment for complete rupture 
of the accessory ligament of the hip joint. Affected horses 
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Figure 8.502 Dorsal luxation of the right coxofemoral joint in a 
burro Notice the shortening of the right hindlimb, as shown by the 
point of the right hock being higher than the point of the left hock 


pose to subluxation and luxation with or without associ* 
ated trauma. L2,10,12 Coxofemoral luxations mav also be 
complicated by upward patellar fixation 4,5,1 '* or can 
occur secondary to external immobilization of the tarsus 
with a cast. 22 The secondary luxation is believed to occur 
as a result of the violent contraction of the quadriceps 
muscles trying to flex the limb while the stifle is locked 
in extension. The net result is that the head of the femur 
luxates out of the acetabulum rather than the stifle flex¬ 
ing. In cases where upward fixation of the patella pre¬ 
cedes the luxation, the patella becomes unfixed at the 
time of the luxation. 

Signs 

A history of trauma resulting in a severe non-weight- 
bearing lameness is common. The femur is usually dis¬ 
placed upward and forward (craniodorsad) when the hip 
luxates (Fig. 8.502). Signs that usually accompany dislo¬ 
cation are a limb that appears to dangle somewhat be¬ 
cause of shortening and the point of the hock on the 
affected side will be higher than that of the opposite limb. 
The toe and stifle turn outward and the h<x*k turns in¬ 
ward (Fig. 8.500). At exercise, the horse will generally 
have a limited cranial stride, because of a pronounced 
shortening of rhe limb, and more prominence of the 


greater trochanter of the femur. Soft tissue swelling may 
make this prominence difficult to determine in early 
stages. Crepitation of the joint, as a result of the femur 
rubbing on the shaft of rhe ilium, may cause one to think 
the pelvis is fractured. A rectal examination should be 
done to eliminate such a possibility. By placing the hand 
on the caudal aspect of the greater trochanter and push¬ 
ing forward, one may be able to move the femur farther 
than is normal when dislocation has occurred. 

Diagnosis 

Radiography confirms the diagnosis (Fig. 8.503) and 
rules out pelvic fractures or a physeal fracture of the 
femoral head. 15,1 * 

Treatment 

Treatment of this condition depends on several fac¬ 
tors. If the acetabular rim has fractured, the region is 
further destabilized, making maintenance of the luxation 
reduction unlikely. If the luxation is chronic, the acetab¬ 
ulum fills rapidly with granulation tissue, which can pre¬ 
vent a successful reduction. Barring these complications 
the luxation can possibly be reduced while the horse is 
under general anesthesia. 

In horses with an acute luxation that have not frac¬ 
tured rhe dorsal rim of the acetabulum, while the horse 
is under general anesthesia the luxation can be reduced 
by direct traction and manipulation if good muscle relax¬ 
ation is obtained. 10 * 1 Traction can be applied either by 
using a hoist with the horse placed in dorsal recumbency 
or w ith a calf jack if lateral recumbency is selected. Trac¬ 
tion combined tvirh external rotation and adduction of 
the limb, followed by internal rotation as the traction is 
reduced, will complete rhe reduction. 

Reduction can be appreciated when the hip clicks into 
place. Closed reduction is often difficult, and w r hen it is 
successful, the reduction may fail within a few r days 4 * 1 ' 
In one case, an Ehmer sling w f as used after the second 
dosed reduction in a pony, which improved the out¬ 
come. 6 

Several surgical approaches have been described for 
those cases that continue to reluxatc or cannot be re¬ 
duced. They include open reduction, transposition of the 
greater trochanter (Fig. 8.504), femoral head and neck 
resection (Fig. 8.505), toggle pinning, or augmentation 
of the lateral joint capsule w f ith synthetic sutures at¬ 
tached to screws. 4 ’ 8,14 One report described the use of 
an experimental joint prosthesis to determine rhe useful¬ 
ness in ponies. The implants, which were made for hu¬ 
mans, did not work well in rhe ponies. 2 ' 

To perform open reduction, the horse should be anes¬ 
thetized and the area over the greater trochanter pre¬ 
pared for surgical procedure. An incision 8-inches long 
should be made cranial to the greater trochanter, and 
the muscles divided by blunt dissection. Traction should 
be placed on the foot, using a block and tackle or a calf 
puller, and the limb pulled downward until the head of 
the femur rests in the acetabulum. This can In* deter¬ 
mined by exploring with the fingers while palpating the 
head of the femur and the acetabulum through the inci¬ 
sion. This operation should be done stxtn after the dislo- 
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Figure 8.517 Side view showing location ol tuber sacrale 
(arrow). This point should be closely observed when a horse walks 
lor signs ot movement and. in old cases, for signs of unilateral or 
bilateral displacement. (Reprinted with permission from Adams 
OR Subluxation ol the sacroiliac joint in horses Proc Am Assoc 
Equine Pract 1969:191-207.) 


ally, may be present in a horse not now affected with the 
condition (see Fig. 8.516). This can happen if a previous 
lesion has healed solidly and no motion is now present 
in the joint!s). 

Clinical signs of sacroiliac arthrosis are most dearly 
seen in the harness-race horse at the trotting and pacing 
gaits and are rarely seen at the walk. 2 It is best to observe 
the horse after a fast workout. Characteristic signs in¬ 
clude the affected pelvic limb’s staying on the ground 
too long and then suddenly being jerked forward. 1 Nor¬ 
mally, the hind feet impact the ground before the fore 
feet; however, with sacroiliac luxation, the fore feet hit 
first because subprotraction of the hindlimb is delayed. 
A hiking or jerking morion of the hip is commonly ob¬ 
served early on when the horse is exercised in circles. 
Later, hiking occurs when the horse is trotted in a 
straight line. 

Rooney suggests that the Gaenslen’s test, used by 
human orthopedic surgeons, may be helpful in the identi¬ 
fication of sacroiliac arthrosis/' It is performed like a 
spavin test, except that the limb opposite the affected 
limb is flexed for 1.5 to 2 minutes; then the horse is 
trotted off and observed for stiffness and abnormal roll¬ 
ing of the croup of the affected side. 

Rectal examination findings of sacroiliac subluxation 
will not he diagnostic unless enough motion is present 
in the joint to produce some crepitation. Crepitation in 
the pelvis is difficult to pinpoint because of bone conduc¬ 
tion. The rectal examination should be done while the 
horse is walking slowly and while pressure is put on the 
tuber coxae in an effort to produce rotation of the pelvis 
and crepitation. 

Rocking the horse back and forth, causing the horse 
to shift its weight from one hindlimb to the other, often 
produces the crepitation necessary for diagnosis of the 


condition. The hand in the rectum should be held on the 
bottom of the sacrum as close to the sacroiliac junction 
as possible. When the horse is walking, movement of 
one or both tuber sacrale may be noticeable. In inactive 
cases, nonmovable displacement (hunter’s bumps) will 
be present unilaterally or bilaterally. 

Diagnosis 

Prior to the advent of nuclear scintigraphy, the diag¬ 
nosis of sacroiliac subluxation was dependent upon elim¬ 
ination of other causes of pain. In some cases of sacroil¬ 
iac subluxarion, there may be slight motion of one or 
both tuber sacrale during walking. Close observation 
should be made at this point. Whenever there is uneven¬ 
ness or excessive prominence (hunter’s bumps) of the 
tuber sacrale, one should consider that at least at one 
rime there has been movement and subluxation of this 
joint (see Fig. 8.516). Nuclear scintigraphic imaging of 
the pelvis from the dorsal view has been reported as 
being extremely accurate in confirming or ruling our 
cases of sacroiliac dislocation. 1 ,lH Increased uptake of 
the radionucleotide indicates disruption and remodeling 
of the articulation (Fig. 8.518). Scintigraphy can also be 
used to determine when bone remodeling has dimin¬ 
ished. 

Although radiographic studies require special equip¬ 
ment, they can be informative. Slight rotation of the pel¬ 
vis or sacrum can be identified along with widening of 
the sacroiliac joint space, and in some, degenerative 
changes can he observed. 

Treatment 

Patience, as with any type of ligamentous disruption, 
is very important in treating subluxation of the sacroiliac 



Figure 8.518 Nuclear scintigraphy of the dorsal pelvis, showing 
increased uptake ol radiopharmaceutical in the left sacroiliac joint 
(arrow)- (Courtesy of T. S Slashak.) 
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joint. Complete rest, preferably in a box stall for at least 
45 days, is recommended. Hand walking for 5 minutes 
2 times a day for up to 5 days a week is begun during 
the third or fourth week of confinement. The horse can 
be backed up for 10 steps when it is taken out of confine¬ 
ment before hard walking is begun and backed up 10 
steps before it is put back into confinement. Backing the 
horse is believed to create movement that may improve 
alignment and healing of the sacroiliac region. During 
controlled exercise the horse is encouraged to step over 
obstacles, which at first are low in height and increase 
in height as time passes. The obstacles are often placed 
40 to SO yards apart. Exercise is usually increased by 2.5 
minutes/week up to a maximum of 20 minutes 2 times 
a day, 5 days a week. After 45 days the horse is allowed 
access to a small run if lameness has improved. Gener¬ 
ally, the patient is reevaluated in 90 days and the decision 
for increasing exercise is made at this time. It usually 
takes 8 to 10 months of rest and controlled exercise be¬ 
fore horses are ready to return to training and perfor¬ 
mance. Complementary therapy including acupuncture, 
chiropractic manipulation, and massage therapy can be 
considered, especially to reduce muscle spasm. Phenyl¬ 
butazone may need to be administered for 14 to 21 days, 
depending on the degree of lameness and pain on manip¬ 
ulation. Intravenous administration of sodium hyaluro- 
nate 1 treatment/week for 4 weeks, followed by monthly 
administration, has also been recommended. 

Prognosis 

Prognosis ts always guarded, and in those cases in 
which there had been repeated injury and extensive in¬ 
jury and/or weakening of the ligamentous attachments, 
healing might never occur. Prognosis is more favorable 
for horses that have convalesced successfully and appear 
healed, exhibiting no painful lameness. However, in a 
study of Standardbred Trotters, horses that had asymme¬ 
try of the sacroiliac region had lower earnings, lower 
number of races, and slower race times than normal 
horses. It was suggested that Trotters with asymmetry 
are less likely to become successful racehorses.' A healed 
injury of this type is probably more subject to rcinjury 
and damage than is the normal sacroiliac joint, and own¬ 
ers should be cautioned to avert such injury it at all pos¬ 
sible. 
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THE SACRAL-COCCYGEAL REGION 

Injuries of the sacral and coccygeal region have rarely 
been documented. Injury can result in lameness, gait ab¬ 
normalities, dysfunction in micturition, and defecation. 

Etiology 

The most common history on presentation is that of 
trauma from a sudden fall. 1 "’ In a report of 10 cases, 4 
of 10 had a history of acute onset following a fall or 
sitting down after pulling back against a rope. 

Signs 

Presenting signs will vary with the extent of the 
trauma, in one report of 10 horses, 2 of 10 had trouble 
defecating and micturating, 5 of 10 had distortion of the 
pelvis ana tail, 8 of 10 had gait and lameness abnormali¬ 
ties, 10 of 10 showed pain on digital pressure, and 3 of 
10 had increased pain with hind leg flexion.' Manual 
elevation of the tail will often cause discomfort for the 
horse. 

Diagnosis 

Diagnostics that have been used in these cases have 
included physical examination, radiographs, scintigra¬ 
phy, and electromyography. Radiographs were benefi¬ 
cial in 7 of 8 cases, whereas scintigraphy was beneficial 
in all 4 cases that it was used on. A caudal epidural 
contrast study was performed in one horse and con¬ 
firmed compression of the region. 1 

Treatment 

Caudal epidural steroid administration, which is com¬ 
monly used in humans, has been used to successfully 
treat this condition. Methylprednisolone acetate at a 
dose of 200 mg diluted in distilled water to a volume 
of 20 mL has been prescribed. With continued pain on 
palpation, the treatment can be repeated in 2 to 3 
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Figure 8.527 This horse presented with a history of sustaining 
a sacral fracture 5 months ago Two months after the injury, the 
owner noticed that the horse appeared to have increased back 
pain and was reluctant to eat off the ground. This photograph 
shows the horse at presentation exhibiting atrophy of epaxial 
muscles, a splinted caudal abdomen. This is as far as the horse 
would allow us to flex its neck to one side or the other. (Courtesy 
of T. S. Stashak,) 


Cases involving the thoracic and lumbar vertebrae fol¬ 
lowing trauma have also been seen at Colorado State 
University (CSU) (Stashak TS, personal communication, 
2001). However, it is still widely considered that the in¬ 
fections are caused by hematogenous spread and the pri¬ 
mary site of infection should be identified. 

Signs 

The signs will vary depending on what portion of the 
vertebral column is affected.Signs compatible with 



Figure 8.528 A Nuclear scintigraphy of the horse in Figure 
8.527. Note the marked increased uptake of the radionuclide in the 
caudal thoracic vertebrae. 8. Nuclear scintigraphy with 
ciprofloxacin of this horse indicating an increased uptake of the 


spinal cord compression, fever, back or neck pain, and 
stiffness may be the earliest signs with osteomyelitis if 
the vertebral body is involved (Stashak TS, personal 
communication, 2001; and Ref. 4), Meningitis may 
occur in later stages of the disease process. It a dorsal 
spinous process is involved, the signs can he more local* 
ized. 

Signs of weight loss, back or neck pain, fever, stiffness, 
and ataxia may all be notable with cases of diskospon¬ 
dylitis. Atrophy of the epaxial muscle in the thoracolum¬ 
bar region may be evident in some horses suffering from 
chronic diskospondylitis in this region (Stashak TS, per¬ 
sonal communication, 2001) Tig. 8.5271. Some horses 
arc so affected that they are reluctant to eat off the 
ground. Lateral neck flexion can be markedly obtunded 
as well. The abdomen may also be held rigid as though 
intraabdominal pain was present. Blood analysis may 
reveal a leukocytosis and elevated fibrinogen. 


Osteomyelitis and diskospondylitis can occur in any 
region of the vertebral column. Nuclear scintigraphy, 
especially with the emergence of ciprofloxacin scans, 
allows early diagnosis of both osteomyelitis and disko¬ 
spondylitis (Fig. 8.528, A and B). 1 ** Radiographic exami¬ 
nation of the thoracolumbar spine, although difficult, is 
most valuable for the identification of vertebral lesions 
(Fig. 8.529). However, a negative radiographic examina¬ 
tion does not indicate that the thoracolumbar spine is 
not involved. Radiographic changes may not occur for 
2 to 8 weeks after the onset of signs.- Ultrasonography 
can also be helpful in identifying a perivertebral abscess 
(Fig. 8.530). 


Successful treatment depends on early detection and 
accurate identification of the bacteria involved. Bone or 



radionuclide in the same location as the previous study (arrow). 
This indicates the lesion is septic and confirms a diagnosis of 
diskospondylitis. (Courtesy of T. S. Stashak.) 


Diagnosis 


Treatment 
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Figure 8.529 Lateral radiograph of the horse in Figure 8.528 
Note the collapsed intervertebral space and the vertebral lysis (left 
oval) associated with the allected caudal thoracic vertebrae Also 
note the normal intervertebral space caudal to the affected region 
(right oval) (Courtesy of T. S. Stashak,) 


disc biopsies and subsequent culture and sensitivity 
should be performed in all cases, and appropriate antibi¬ 
otic therapy should be instituted. Ultrasound needle aspi¬ 
ration can be performed on a perivertebral abscess {see 
Fig, 8.530). Long-term therapy may be indicated. 1 " 4 An¬ 
timicrobial therapy (4 to 6 months) will generally be re¬ 
quired for the successful treatment of vertebral osteo¬ 
myelitis and diskospondilitis. Nuclear scintigraphy with 
ciprofloxacin can be used to determine effectiveness of 
therapy and continued use of antibiotics. Vertebral cu¬ 
rettage should be performed in cases where access to the 
lesion is possible. 

Prognosis 

Prognosis is guarded unless early detection and early 
institution of appropriate therapy occurs. With respect 
to diskospondylitis, 1 of 5 cases in one report' and 1 of 



Figure 6.530 Ultrasound examination of the caudal thoracic 
region of the horse illustrated in Figure 8.529 Note the 
circumscribed perivertebra abscess (arrows) Needle aspiration of 
the abscess was accomplished by using ultrasound guidance. 
(Courtesy ot T. S. Stashak.) 


I in another report' returned to normal after therapy. 
The outcome in a limited number of cases treated at CSU 
with prolonged antimicrobial therapy appears good for 
pasture soundness. However, none of the cases have been 
able to return to riding performance at the time of this 
writing. Two of 5 horses with vertebral body osteomyeli¬ 
tis returned to normal after long-term therapy. 4 
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sion of the spinal cord, in addition to the cervical spinal 
nerves, results in clinical disease. Changes in the joint 
capsules, including fibrosis and fihrovascular prolifera¬ 
tion, extend axially to blend imperceptibly with the liga- 
mentum flavum, which frequently contains areas of hem¬ 
orrhage, fihrovascular proliferation, and occasionally 
foci of fibrocarrilage. ' Proliferation of these sofr Tissues 
is thought to result from the DJD of the facet joint. Os¬ 
teosclerosis of the dorsal laminae is common and results 
from increased tension on the lamina by the ligamentum 
flavum. Increased fibrncartilage and later endochondral 
ossification at the insertion of the ligamentum flavum 
on the dorsal lamina possibly result from tension and 
stretching of the ligamentum flavum. 


Etiology 

The precise cause of the bone and joint developmental 
abnormalities that result in CVM are not clearly defined. 
Many factors probably contribute to modify the normal 
development of the cervical vertebra. These include nu¬ 
trition, genetics, biomechanical forces (possibly due to 
conformation), and exercise (including the possibility of 
traumatic incidents). 15,77 Cervical vertebral malforma¬ 
tion is one clinical entity in the group of developmental 
orthopedic diseases that include physitis, contracted ten¬ 
dons, OCD, malformation of cuboidal bones of the car¬ 
pus and tarsus, and juvenile arthritis. 

Although initial reports proposed that CVM may be 
inherited, ~ 21,28 subsequent reports found no heritable 
mechanism. 15,43,87,90 A genetic study of wobbler matings 
of horses with CVM revealed that none of the offspring 
were clinical wobblers; however, the offspring had an 
extraordinarily high incidence of contracted tendons, 
OCD, and physitis." One of the early studies implicated 
a genetic propensity for rapid growth and superior per¬ 
formance, 1 * but another survey found no evidence that 
CVM w f as genetically predetermined/" 

Dietary factors, particularly trace minerals, arc clearly 
important in the pathogenesis of developmental or¬ 
thopedic diseases. 4 Feeding trials suggest copper defi¬ 
ciency is a major determinant of aberrant endochondral 
ossification. 35,43 Postmortem examination of copper-de¬ 
ficient animals showed an extraordinarily high incidence 
of osteochondrosis of the vertebral articulations. 5 Other 
complicating dietary factors, such as elevated caloric and 
protein intake, are undoubtedly involved in develop¬ 
mental orthopedic diseases, including CVM. 2,37,68 Mar¬ 
ginally low levels of trace minerals may be of particular 
metabolic importance under circumstances of maximum 
need, as during rapid growth/ 1 Young horses with CVM 
arc frequently reported to have a large body size for their 
age. The interplay of dietary components and genetics 
in the etiology of developmental orthopedic diseases and 
CVM is still under investigation. 


Signs 

Many horses are large for their age and breed and 
present with a history of an acute traumatic incident that 


initiated the signs of ataxia and weakness. Some horses 
become neurologicallv stable while others improve and 
then deteriorate presumably because of repeated spinal 
cord trauma associated with excessive vertebral move¬ 
ment. 

Horses appear physically normal, although cutaneous 
abrasions can be seen and, rarely, verrebral malalign¬ 
ment can be so pronounced as to be visible and palpable 
externally. Pain on palpation and a reluctance to turn 
the neck to either side is a frequent finding. Distended 
joints, especially the hock and stifle, can occasionally be 
seen, possibly indicating other sites of OCD. 

Incoordination, weakness, spasticity, and dysmetria 
arc the major gait changes. One or both hindlimbs arc 
initially affected, followed by progression to the fore¬ 
limbs. Slight asymmetry in signs is common and may be 
marked. Extraordinarily severe fore limb signs are usu¬ 
ally associated with severe C6-C7 or C7-TI malforma¬ 
tion with pressure on the cervical intumescence and exit¬ 
ing nerve roots. With synovial cysts or lateral foramina! 
stenosis, signs of pectoral and shoulder muscle atrophy 
have been seen; however, this is considered uncharacter¬ 
istic for CVM. 

Diagnosis 

The radiographic and myelographic examinations are 
often the most definitive and valuable diagnostic meth¬ 
ods in differentiating animals with CVM from those with 
spinal cord disease resulting in similar clinical signs. The 
interpretation of plain cervical radiographs can be diffi¬ 
cult, and the presence of obvious bone change does not 
necessarily indicate a compressive spinal cord lesion. 
Myelography is the best means of positively demonstrat¬ 
ing spinal cord compression. 4 However, a tentative di¬ 
agnosis can generally he obtained from plain cervical 
radiographs, based on narrowing of the vertebral canal, 
degenerative joint disease of the facet joints, or malalign¬ 
ment of the vertebrae. Plain radiographs of the mideervi- 
cal region should be analyzed for evidence of malalign¬ 
ment associated with metaphyseal and epiphyseal 
flaring, disparate length of the vertebral body and dorsal 
lamina, and malformation and OCD of the articular fac¬ 
ets (Fig. 8.534). 

Measuring the vertebra) canal diameter on plain ra¬ 
diographs has been advocated as a more objective mea¬ 
sure of canal stenosis and spinal cord compres¬ 
sion.’^ 4,5 The values for minimal flexed diameter 
and minimal dural space diameter can he obtained at the 
time of myelography and compared with normal values. 
Horses with values less than normal minimums are al¬ 
most certain to have vertebral canal stenosis. When the 
vertebral canal diameter on plain radiographs is being 
assessed, magnification artifacts can be minimized by 
using a ratio of the absolute minimum sagittal diameter 
to the sagittal width of the vertebral body (Fig. 8.534). 83 
This sagittal ratio value corrects for inherent magnifica¬ 
tion by providing a ratio of the two measurements, 
thereby increasing the sensitivity of measuring the verte¬ 
bra on plane radiographs. Ranges of ratio values have 
been derived for C4 to C7 and are presented in Table 
8.1. 82 By use of a combination of corrected sagittal ratio 
data and scores for metaphyseal-epiphyseal flaring (ski- 
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and repeated every 8 hours depending on the response. 
Hyperosmolar diuretics such as 20% Mannitol (1 to 2 
g/kg IV) or glycerol in water given orally at (1 g/kg/ tid) 
are suggested. In addition, sedation with acetyl proma¬ 
zine, chloral hydrate, or diazepam may help reduce 
struggling and further damage to the spinal cord. Analge¬ 
sia should be provided with phenylbutazone (6 mg/kg 
IV). DMSO (1 g/kg) administered intravenously as a 
20% solution in 5% dextrose and water may be useful; 
however, experimental studies in other species arc con¬ 
tradictory. Greater dilutions (10%) of DMSO result in 
less intravascular hemolysis. Continued evaluation of the 
response to therapy is mandatory. Deteriorating clinical 
status usually indicates repeated spinal cord trauma, due 
to vertebral instability or progressive hemorrhage, or 
self-perpetuating vascular reactions within the cord trig¬ 
gered by the initial traumatic incident. Surgical treatment 
is indicated when progressive deterioration is apparent, 
and radiographs demonstrate a lesion amenable to stabi¬ 
lization or decompression. 

External manipulation with external or internal fixa¬ 
tion may be required. Surgical fusion and/or decompres¬ 
sion may also be indicated but are infrequently em¬ 
ployed. Many nondisptaced fractures of the vertebral 
arch and articular processes do not compress the cord 
directly but result in an epidural hematoma that com¬ 
presses the cord acutely over a wide region. Many of 
these horses have progressively deteriorating neurologic 
signs and need immediate decompression to prevent the 
extensive vascular compromise to the spinal cord that 
is implicated in progressive myelomalacia. ,0,25,B5 Some 
horses fail to respond to surgery because of an inability 
to arrest this self-perpetuating vascular cascade. 

Careful manipulation under general anesthesia may 
reduce some fracture-luxations and better align other 
multiple vertebral fractures. This, in conjunction with a 
neck cast, is certainly preferable to conservatively treat¬ 
ing a steadily deteriorating animal. Fiberglass neck casts 
have been used successfully in the repair of upper cervical 
fracture luxations. 86 

Surgical repairs of fracrure-luxations of the dens have 
been described. Pins were used successfully to stabilize 
a fractured dens with luxation of the axis in a foal. 1 A 
ventral approach for atlantoaxial fusion with lag screws 
and a cancellous bone graft has also been used for a 
similar case (Fig. 8.547). 

An adult horse with tearing of the left joint capsule 
at C2-C3 and lateral luxation with torticollis was suc¬ 
cessfully repaired by open reduction and lag screw fixa¬ 
tion between the involved articular facets. 7 * In some in¬ 
stances, horses with fractures of the mideerviea! 
vertebrae remain neurologically stable or slowly improve 
and may be best managed medically; however, healing 
of such fractures often results in residual vertebral mal¬ 
alignment and, on occasion, delayed recurrence of neu¬ 
rologic signs due to a progressive bony callus formation 
within the vertebral canal. If neurologic deficits do not 
improve or continue to deteriorate, then surgical stabili¬ 
zation is warranted. There are several descriptions of 
ventral plating in the literature for the surgical repair 
of middle cervical fractures. 6 * Despite the soft vertebral 
bone, ventral plating and the use of cancellous screws 
can be effective for maintaining the alignment of frac- 


Fiqure 8.547 Postoperative radiograph following repair of case 
in Figure 8.544. A ventral approach with dens removal and lag 
screw fixation has realigned the atlas and axis. A neck cast 
provides external support 



Figure 8.548 Application of a ventral plate to stabilize fractures 
of C4 and C5. The 6.5-mm cancellous screws engage the dorsal 
cortex of the vertebral body and must be inserted with care. 


rured midcervical vertebrae (Fig. 8.548). The full length 
of the associated pair of vertebrae should be included in 
the plate fixation. The 6.5-mm cancellous screws should 
also engage both ventral and dorsal cortices of the verte¬ 
bral body. Careful drilling and conservative measure¬ 
ment of screw length is vital to prevent screw penetration 
of the vertebral venous sinuses and the dura mater. Re¬ 
covery' from neurologic deficit can result. However, 
horses that arc already recumbent at rhe rime of surgery 
are poor candidates for surgical fracture realignment and 
plate fixation. 


Fractures of the dorsal spinous processes of the tho¬ 
racic vertebrae are relatively common sequelae to a back¬ 
ward fall. No neurologic signs result, and the fractures 
usually heal without complication. 

Thoracolumbar vertebral body fractures are not com¬ 
mon. When they do occur, the cranial thoracic (T1 to 


Thoracolumbar Fractures 



yrighted material 








Chapter 9 Trimming and Shoeing for Balance and Soundness 1083 



Figure 9.4 A clinch cutter in position. (Reprinted with 
permission from Hill C. Klimesh R. Maximum Hoof Power, North 
Pomfret, VT; Trafalgar Square Publishing, 2000.) 



Figure 9.6 Using pull-offs to remove naits (Reprinted with 
permission from Hill C. Klimesh R Maximum Hoof Power North 
Pomfret, VT: Trafalgar Square Publishing, 2000.) 



Figure 9.9 Using a crease nail puller to remove nails 
(Reprinted with permission from Hill C. Klimesh R. Maximum Hoof 
Power. North Pomfret, VT: Trafalgar Square Publishing. 2000.) 



Figure 9.7 Using pull-offs to remove the shoe A Prying the 
shoe heel toward the center of the frog. (Reprinted with permission 
from Hill C, Klimesh R. Maximum Hoof Power. North Pomfret, VT: 
Trafalgar Square Publishing, 2000 ) 
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Several types of horseshoes are available that combine 
a core of steel or aluminum with an outer shell of plastic 
or rubber . These shoes give more support to the hoof 
than does plastic alone, and many can be shaped like a 
conventional steel shoe. The supposed advantage of 
these shoes is their ability to absorb shock. There is a 
scarcity of independent research, however, concerning 
the effectiveness of shock-absorbing hoof wear and of 
the effects of shock on the equine limb. 

Horseshoes are either individually hand forged by the 
farrier or mass-produced in a factory. At one rime, fac¬ 
tory-made shoes were transported in wooden kegs; 
therefore the term ‘'keg shoe*' refers to a ready-made 
commercial shoe. When keg shoes were lacking in both 
quality and variety, it was worth the farrier’s time to 
hand forge the shoes that were used. Today, keg shoes 
are available in many shapes, materials, thickness, 
widths, and qualities. Many top farriers seldom find it 
necessary to make a shoe from bar stock; others enjoy 
the forge work so much that they hand make all the 
shoes they apply. 

It is common, however, for farriers to modify keg 
shoes to suit particular purposes. The most common 
modifications arc repositioning the nail holes, adding a 
bar, altering the shape of the toe (rolled, rocker, square), 
altering the heel shape and length (trailers, extended 
heels, spooned heels), and forging or attaching clips. 

Fit 

A shoe should follow the natural shape of the properly 
prepared hoof, being neither coo wide nor too narrow, 
too short nor too long. When it is viewed from above 
with the foot on the ground, between V u , and % inch of 
the edge of the properly fitted shoe should be visible from 
the quarters back to the heels (Fig. 9.42). This indicates 
that the shoe has adequate allowance for heel growth 
and expansion. 

Hoof Expansion 

A shoe is fitted full to accommodate heel movement 
and the normal increase in hoof width during the 5- to 
8-week shoeing period. As the horse’s weight descends 
with each step on the foot, it causes movement (expan¬ 
sion) at the heels (Fig. 9.4.}). As the weight is lifted, be- 



Figure 9.42 Good shoe fit. (Reprinted with permission from Hill 
C. Klimesh R Maximum Hoof Power North Pomfret, VT Trafalgar 
Square Publishing, 2000) 



Figure 9.43 During weight bearing, the frog and sole are forced 
downward, causing expansion of the hoof wad During non-weight 
bearing. the reverse occurs. 


fore breakover, the heels return (contract) to their origi¬ 
nal position. These events are evidenced by the grooves 
worn in the hoof surface of the shoe. A study using strain 
gauges concluded that conventional nailed-on iron shoes 
restrict the flexion and spreading of the hoof wall at the 
ground surface but have little effect on the degree of 
expansion of the heels. 21 In another study, shoeing was 
found to impair the natural viscous dampening by the 
hoof at impact. 22 Frog pressure has been shown to have 
a variable effect on heel expansion. 20 

Because the hoof is cone shaped, as it grows longer, 
irs base becomes wider, while the steel shoe that is nailed 
to it retains its original size. Therefore, it is necessary to 
start with a shoe that is wider than the hoof, so that at 
the end of the shoeing cycle the shoe still supports the 
heel area, which has grown since the shoe was applied. 

Too little expansion room allows the hoof wall to 
spread over the edge of the shoe as it grows, resulting 
in lack of support and hoof wall and sole damage (Fig. 
9.44). Too much expansion room increases the chance 
that the shoe will be lost by the horse stepping on it. 
Upright hooves need less expansion room than flatter, 
spread-out hooves that have more sloping walls. 

Heel Support 

Enough shoe should extend beyond the heels so that 
the limb is adequately supported. Generally, the heels of 
the shoe should be below the midline of the cannon bone 
when the cannon is vertical (Fig. 9.45). Another guide 
is that the length of the shoe should be equal to or greater 
than twice the toe length of the prepared hoof (Fig. 9.46). 
Short shoeing (using a shoe that is too small) does not 
provide ample support and can result in underrun heels 
(Fig. 9.47). 
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Figure 9.44 This horse is welt overdue for shoeing. Note the 
hoof spread over the shoe from quarter to heel (Reprinted with 
permission from Hill C. Klimesh R. Maximum Hoof Power. North 
Pomfret, VT: Trafalgar Square Publishing, 2000.) 



Figure 9.46 A shoe length guide. (Reprinted with permission 
from Hill C. Klimesh R, Maximum Hool Power. North Pomfret, VT: 
Trafalgar Square Publishing, 2000.) 


I 



Figure 9.4S Heel support. A. In the ideal situation, the hoof is 
in DP balance, the heets are not underrun, and there is proper 
heel support Note that the shoe extends just slightly behind the 
heel. B. In this case of short shoeing, the hoot is in DP balance, 
but the toe-heel alignment is not parallel, the heel is underrun, and 
thus the hoof is inadequately supported. C. A longer shoe applied 
to hoof B provides proper support. D. In this case of short shoeing, 


the hoof is In DP balance and the toe-heel alignment is parallel, 
but the low hoot-pastern angle results in a hoof that is well ahead 
of the limb and thus is inadequately supported E. A longer shoe 
applied to hoof D provides proper support. (Reprinted wllh 
permission from Hill C. Klimesh R. Maximum Hoof Power North 
Pomfret, VT: Trafalgar Square Publishing, 2000.) 


» 
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Figure 9.50 A wide-wet) shoe with a concave solar surface 
protects the sole without applying pressure to It. 


This is especially important when the horse is shod with 
wide-web shoes (Fig. 9.50). Sole pressure can disrupt 
blood flow and lead to lameness, abscesses, and corns. 

Nails 

Heads 

The nail head should scat tightly in the crease or 
stamped hole and should protrude below the shoe about 
'/is inch. 

Placement 

The nail should enter the hoof within the white line. 
If the nail enters outside the white line, the clinches are 
likely to be too low. and the shoe may not be secure 
(Fig. 9.51). If the nail enters too far inside the white line, 
sensitive structures may be invaded. The tip of the nail 
is beveled so that it travels in a curved path in dense horn 
tissue and exits the hoof wall. If the nail is angled to the 
center of the hoof or placed inside the white line, the 
soft tissue there may not provide enough resistance to 
curve the nail outward, and the nail will not exit the 
hoof wall. The bevel is on the same side as the pattern 
on the nail head (Fig. 9.52). The nail is placed with the 
bevel toward the inside of the hoof so that the nail, when 
driven, curves away from the bevel. Six to eight nails arc 
used; generally, nails are not placed behind the widest 
portion of the hoof wall, and those nail holes in the shoe 
are left empty. 

Pattern 

The height of the nail farthest back on the shoe should 
be approximately one-third the distance from the ground 



Figure 9.51 Low clinches (Reprinted with permission from Hill 
C. Klimesh R. Maximum Hoot Power. North Pomfret. VT: Trafalgar 
Square Publishing, 2000 ) 


to the coronary band. The nail pattern is affected by the 
quality of the hoof, the skill of the farrier, and the quality 
and design of the shoes and nails being used. Ideally, the 
nail pattern should form a straight line Fig. 9.53), and 
the two nails in the toe should be at equal heights when 
viewed from the front. 

Clinches 

The clinches should be "square,’* i.c. t only as long as 
they are wide. Such clinches open easily, allowing the 
shoe to come off if it gets caught on something. Rectan¬ 
gular clinches, which are longer than the} are wide, usu¬ 
ally hold the shoe on so securely that, if the shoe gets 
caught on a fence or the horse steps on it. large portions 
of the hoof may be ripped off along with the nails and 
the shoe. Clinches should be uniform and set flush with 
the hoof wall and should not he set into a groove filed 
in the hoof wall. They should feel smooth to the touch. 

Details 

The hoof w r all should be smooth and, unless it is neces¬ 
sary to remove a flare, never rasped above the clinches. 
The edge of the hoof wall and the edge of the shoe should 
be smooth. Old nail holes should be filled with wax or 
other appropriate substance to prevent moisture, mud, 
and other contaminants from entering the hoof (Fig. 

9.25). 

Any exposed edges of the shoe should be rounded 
with a rasp or grinder to decrease the chance that the 
shoe will come off if stepped on (Fig. 9.48). This also 
removes any burrs or steel slivers that may injure a per¬ 
son handling the feet. 

Natural Balance Shoeing 

The following procedure is used when applying Natu¬ 
ral Balance Shoes, World Race Plates, or modified keg 
shoes. For optimum results, it is important for the shoe 
to comply with the natural balance principles of support, 
protection, and breakover position, i ic procedure for 
natural balance shoeing is as follows: 
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Figure 9.57 The hoof shape can be altered quite dramatically 
m just one tnmmmg, (Reprinted with permission from Hill C, 
Klimesh R. Maximum Hoof Power North Pomtret. VT Trafalgar 
Square Publishing, 2000.) 


Contracted Heels 

Contraction of one or both heels of a hoof can be 
caused by long-toe-low-heel configuration; nonuse of 
the foot (such as when the limb is injured and non-weight 
bearing for a period of time or when the horse's exercise 
is restricted); or physical restriction of the hoof by horse¬ 
shoe nails, clips, bandaging, or a cast. Identification of 
contracted heels can lx* made by the following methods. 
The width of the heels 4 inches from the buttresses 
should equal or exceed the width of the trimmed hoof 
1 inch back from the toe (Fig. 9.58). It the heel measure¬ 
ment is less than toe measurement, the heels are said to 
he contracted. Alternatively, if the frog width is less than 
67% of the frog length, it is contracted.' 1 Some horses, 
however, have a congenital or adapted hoof shape that 
fits the definition of contracted heels, but the hoof is 
balanced by other criteria, and the animal is sound. In 
these cases, it is not advisable to try to spread rhe heels. 

As a hoof deviates toward a long-toe—low-heel con¬ 
figuration, the hoof elongates from toe to heel, and the 
heels generally move closer together. One study that 
evaluated the effects of toe angle on hoof growth and 
contraction over a period of 126 days found that hooves 
trimmed to the long-toe-low-heel configuration were 
7% smaller in width than they had been at day 0. 15 In 
addition, w hen a horse’s weight rotates over the king toe 
in a prolonged breakover, the heels of the hoof are drawn 
inward. To allow such a hoof to function more normally 
and to encourage the heels to spread, rhe farrier should 
balance the hoof and use a squared-toe shoe, which pro¬ 
vides adequate heel support. 

When a horse lacks exercise, the blood flow' in the 
hoof is decreased, causing a drop in the moisture content 
of the hoof capsule. In the idle horse, the lack of pressure 
ushing outward from the descending weight of the 
orse during movement and the increased inward-curl¬ 
ing force from the drying outer hoof wall cause the hoof 
capsule to contract at the heels. This contraction can 
compress the sensitive inner structures of the hoof and 
result in lameness or soreness. 

The treatment is to increase the exercise level of the 
horse and retard the evaporation of internal moisture 


i* 



V 


Figure 9.58 One method ol identifying contracted heels. 
(Reprinted with permission from Hill C. Klimesh R. Maximum Hoof 
Power. North Pomfret, VT: Trafalgar Square Publishing, 2000) 


by application of a hoof sealer (see “Resources" in this 
chapter). In some instances, a shoe with slippered heels 
may be applied until the hoof regains its shape (Fig. 
9.59). The heel portion of the bearing surface of this 
shoe is sloped outward to spread the hoof physically as 
the horse’s weight descends. If the horse cannot be exer¬ 
cised, the moisture content of the hoof may need to be 
increased by wet bandages or by placing the horse in a 
stall with damp sand or sawdust. Other, more dramatic 
mechanical devices have been used to spread the heels 
of a contracted hoof physically; but these are futile if the 
cause of the contraction is not removed. Increasing frog 
pressure alone has been shown to have a variable effect 
on hoof expansion. 20 

Studies indicating there are proprioceptive (sensory) 
receptors located in the buttress of the frog support the 
idea that frog contact or pressure is important. This in¬ 
formation, combined with the fact that wild horses land 
heel first, seems to indicate that the rear portion of the 
frog is important for sensory perception. Domestic 
horses appear to benefit if heei-first landing can be at¬ 
tained, when the frog buttress makes primary ground 
contact. Frog buttress contact should not be confused 
with hoof wall contact or frog-only loading. The ideal 
sequence is for the foot to land heel first enough to allow 
rhe frog buttress to make contact with the ground only 
before the foot is fully loaded. Feet that are prepared 
using the natural balance approach load the back por¬ 
tion of the foot equally when the foot is flat on the 
ground. One of us (G.O.) has had good results expand¬ 
ing the heels of horses suffering from contracted heels. 
The technique follows. 
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Figure 9.60 Although both shoe setups provide adequate 
support, the one shown in panel B will more likely correct underrun 
heels and result in fewer lost shoes. {Reprinted with permission 
from Hill C, Klinrtesh R. Maximum Hoof Power. North Pomfret, VT; 
Trafalgar Square Publishing, 2000.) 


wedge pads (degree pads) (Fig. 9.60). An alternative is 
to rebuild the heels to a normal length and angle with a 
prosthetic hoof material (sec “Resources” in this chap; 
ter). The hoof can then be shod in a normal manner. 16 ** 7 
In the natural balance approach, the same procedures 
used for contracted heels arc applied to horses with un¬ 
derrun heels. The key points are to get the breakover 
close to the frog apex— 1 to 1 *4 inches—and to follow 
the sole callus guidelines previously discussed. Prepare 
the heels of the foot close to the nonexfoliating sole in 
the quarters. For severe cases, use two-part impression 
material and frog buttress support, whenever possible, 
to start the treatment. Using this approach, one of us 
(G.O.) has achieved good results. 


Navicular Syndrome 

Navicular syndrome is a chronic forelimb lameness 
involving the navicular bone and associated structures. 
Not all lameness associated with the heel region of the 
hoof, however, should be attributed to navicular syn¬ 
drome. Factors thought to predispose a horse to navicu¬ 
lar problems include poor conformation, improper or 
irregular shoeing, and stress to the navicular region. A 
common error that can lead to navicular syndrome is 
associated with the false economy of stretching the inter¬ 
vals between shoeing. As a hoof grows past its optimum 
reset time, the toe gets too long and the heel too low, 
resulting in a broken back axis. Increased pressure be¬ 
tween the deep flexor tendon and the navicular bone 
may cause the heel pain associated with navicular syn¬ 
drome (Fig. 9.28), 

The egg bar shoe (discussed later in this chapter) has 
proved beneficial in the treatment of some cases of the 
navicular syndrome. It is a noninvasive, inexpensive 
treatment w ith virtually no negative side effects or risks. 
In addition, the egg bar shoe has positive effects on hoof 
conformation. Some horses show dramatic clinical im¬ 
provement 3 to 6 weeks after egg bar shoes are applied. 
Some underrun hooves, however, have gone past a criti¬ 
cal horn-tubule angle and have reached the point of no 
return. Although these hooves are not likely to show a 
reversal of the underrun heel condition, the horse may 
be usable and comfortable working in egg bar shoes for 
many years. 

Full pads may be recommended for some horses with 
navicular syndrome, particularly those that have thin, 
painful soles or those that have grade 3/4 pain over the 
central third of the frog. Pads may also be recommended 
for horses pastured on rocky terrain. In addition, hooves 
with wide open, low* heels may incur navicular pain or 
heel soreness from the direct concussion to the frog and 
heel region. Full pads are used to protect this area. Care 
must be taken, however, because the pad may sometimes 
transmit concussion to the navicular region. A straight 
bar or full-support shoe may be more effective in provid¬ 
ing protection for this type of navicular problem. Pres¬ 
ently, we are using the natural balance trimming and 
shoeing procedures described previously for this prob¬ 
lem. (Refer to Chapter 8 for more information.) 

Wry Hoof 

A wry hoof (diagonal MI. imbalance) is a deformation 
that is usually, but not always, associated with sheared 
heels. The entire hoof wall, when viewed from the front, 
appears to sweep off to one side. When a hoof is wry to 
the inside, the medial wall flares inward and the outer 
w f all curls in underneath the hoof. A wry hoof is caused 
primarily by a ML imbalance. This imbalance can be the 
result of improper trimming; from pain in the limb, 
which causes the horse to land more heavily on one side 
of the hoof; or from the way in which the hoof is worn 
as the horse turns in a habitual way in a stall or pen. 

To return a wrv hoof to a normal configuration, the 
flare is dressed of/(Fig. 9.61), and the hoot is shod with 
a bar shoe that is centered beneath the limb. This means 
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Figure 9.65 Sand crack. {Reprinted with permission from Hill 
C, Klimesh R. Maximum Hoof Power. North Pomfret, VT: Trafalgar 
Square Publishing, 2000.) 



Figure 9.66 A blowout crack that has grown down from ils 
initial site near the coronary band (Reprinted with permission from 
Hill C, Klimesh R. Maximum Hoof Power. North Pomfret. VT: 
Trafalgar Square Publishing. 2000.) 


to the coronary hand or by a blow to the hoof wall, A 
blowout usually does not result in lameness and many 
times goes unnoticed until the farrier spots ir. Once they 
occur* these cracks seldom increase in size horizontally 
and usually require no treatment. Because the hoof is 
weaker at this site, however, a blowout can set the stage 
for a vertical crack if the hoof is further undermined by 
excess moisture or is not in ML balance. 

Since cracks do not “heal" back together, the hoof 
wall must be replaced primarily by new' growth from the 
coronary band, just as a damaged fingernail must grow 
out. This will take 9 to 12 months. For optimum hoof 
rowth, a ration containing nutrients necessary for 
ealthy hoof horn can be fed {see “Resources" in this 
chapter). 

Sand cracks can result from an injury to the coronet 
or from an infection in the white line ("gravel") that 
breaks out at the coronet. Sometimes, a horse bumps the 


coronet when loading or unloading from a trailer, or the 
horse might strike the coronet during fast work or an 
uncoordinated movement. These cracks can also develop 
with ML and diagonal imbalances/ 42,4 * 

A wet environment containing sand or gravel can 
soften a horse’s hooves and allow particles to be forced 
up into the white line. If infection results, it can travel 
upward through the laminae and break out at the coro¬ 
net, possibly causing a crack. Cracks often appear at the 
site of a displaced coronet. 

The first step in dealing with sand cracks is to deter¬ 
mine the cause and remove it. This, accompanied by 
trimming and shoeing to balance the hoof, may be all 
that is necessary to stabilize the hoof as it replaces the 
damaged horn (Fig. 9.67). Severe cracks can be held im¬ 
mobile by a variety of methods until the hoof grows out. 
Such methods include nailing or screwing across the 
crack; drilling holes on either side and lacing the crack 
up like a boot; fastening brass metal plates on both sides 
or the crack with 22-gauge stainless-steel wire placed in 
a horizontal mattress suture pattern; using an adjustable 
steel hose clamp; and patching the crack together with 
plastic, high-resin fiberglass tape or using a fiberglass 
tape held in place with screws^ 15,44,4 (Fig.9.68), 

In a study of 24 horses with 38 hoof wall cracks that 
were repaired with the stainless-steely hose clamp 
method, only one failure was recognized. To apply this 
method, the hose clamp is cut so the offset tension device 
remains. The clamp is then secured to the hoof wall with 
standard 8- X %-inch sheer metal screws, after which 
the clamp is tightened hy twisting the offset tension de¬ 
vice. Once compression is achieved, the band is secured 
with another screw placed closer to the crack, and the 
tension device is removed. An advantage to this method 
is that it is simple to apply, it is versatile, and compres¬ 
sion can be applied directly to stabilize the crack. 

There are several high-tech hoof repair materials de¬ 
veloped specifically to bond to the hoof wall. Some of 
these materials rnimic the consistency of the hoof wall 
so rhar, once applied, they can be nailed into, trimmed, 
and rasped along wirh the hoof wall as it grows down. 
The prosthetic materials can be used to I ill tbe crack 
completely or to form a patch across the crack (see “Re¬ 
sources" in this chapter). This material can also be im¬ 
pregnated w ith antibiotics for repair of chronic nonheal¬ 
ing hoof cracks that result from low r -grade infection and 
for hoof defects that extend to the sensitive tissues.' 4 

Before a crack is stabilized, ir must be thoroughly de- 
brided so that dirt, loose hoof horn, and bacteria are 
removed. If there is any evidence of moisture, the crack 
is treated until it is completely dry. It has generally been 
accepted that applying any type of patching material 
over a moist crack or exposed sensitive tissue has the 
potential of trapping bacteria and providing a perfect 
environment for an infection to develop. The audition 
of an antibiotic (e.g., metronidazole) to the hoof repair 
material, however, nas allowed earlier application of the 
acrylic to hoof defects. 44 The antibiotic elutes out of the 
acrylic in therapeutic concentrations to prevent and/or 
treat infection. 

Chronic or severe cracks toward the heel of the hoof 
arc sometimes dealt wirh by removing the section of the 
hoof wall behind the crack (Fig. 9.67). A full-support 
shoe then supports the hoof until new hoof grows down. 
A similar but less involved approach is to apply a full- 
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Mismatched Feet 

Mismatched feet, or "high-low syndrome/* usually 
affects the forefeet and often has resulting effects on the 
diagonal hindfoot. One hoof tends toward a long- 
toe-low-heel configuration, and the other tends to be 
upright (clubby). Some farriers report that more than 
half of the horses they shoe have mismatched feet to 
some degree. 

One approach to dealing with the high-low syndrome 
is to lower the heels of the steep hoof and elevate the 
heels of the low hoof so hoof angles match. When the 
initial difference between the feet is slight (less than 5°), 
this method usually works and does not affect the horse’s 
performance. 

When trimming mismatched feet, it is easy to trim the 
toe of the steep hoof too short. For this reason, it is best 
to trim the low hoof before trimming the steep hoof. It 
is important not to try to match toe lengths, because 
matching the toe lengths may remove the toe callus that 
supports the solar aspect of the coffin bone (distal pha¬ 
lanx) in the hoof capsule. If the toe callus is removed, the 
coffin bone will lack support and subsequently descend 
within the hoof capsule. One method of evaluating rela¬ 
tive toe lengths is to stand the horse on a flat, level surface 
and view the knees from the front. The distal radial phy- 
seal regions (bumps on the insides of the knees) should 
be on the same level. If necessary, a rim pad or wedge 
pad can he used to elevate the low hoof. 

If the difference in toe angles is 5° or greater, however, 
it is usually better not to force the hooves to be the same 
angle. Mismatched feet on a sound horse are better than 
matching feet on a lame horse. This is why some farriers 
prefer not to use a hoof gauge as a trimming guide. They 
believe that it is better to align the hoof and pastern of 
each foot visually and to evaluate the horse’s movement 
when determining how to trim. 

To attain dynamic balance and an even stride, it may 
be necessary to shoe a horse with two different shoes on 
the forefeet. For example, a horse might wear a squared- 
toe egg bar on the low hoof and a thicker, full-toed plain 
shoe on the steep hoof. The egg bar provides support for 
the low heels and the squared toe helps speed breakover. 
The thicker shoe on the steep hoof makes up for the 
extra weight of the egg bar on the low hoof. The lower 
hoof seems to have more natural action anyway, and the 
steep hoof may need an even heavier shoe to balance the 
movement. This symmetry of limb movement is impor¬ 
tant for horses that are being judged in the ring on the 
correctness of their gaits. For most horses, however, it is 
sufficient to concentrate on shoeing to provide necessary 
support. 

Lost Shoes 

Lost shoes can be a cause of hoof wall deterioration, 
either by a sudden loss of hoof wall at the time the shoe 
is lost or by wear and breaking of the now hare hoof, 
resulting in loss of DP or ML balance. Loss of a shoe 
soon after a horse is shod is likely caused by the horse 
stepping on the shoe or getting it caught on something. 
If the shoe is lost later in the shoeing period, it may be 
the result of wear on the nails or the shoe, which causes 


looseness. Between 80 and 90% of lost shoes are front 
shoes. 

Causes 

Lost shoes are caused by a variety of hoof-related fac¬ 
tors, the horse’s overall conformation and way of going, 
poor riding, and poor management. Not all horses lose 
shoes. In a study that spanned a 3-ycar period, one farrier 
documented that 80% of all lost shoes were attributed 
to 20% of the horses. Certain horses in that 20% group 
lost most of the shoes. One client’s gelding lost more 
shoes in 1 year than another client’s four horses together 
lost in more than 10 years. The average shoe loss in this 
study was 1.33 shoes per horse per year. 

Wft Environment 

Excessive moisture is a major cause of lost shoes; soft 
hooves do not hold nails securely. Besides disrupting the 
moisture balance of the hoof, mud is thought to remove 
shoes mechanically. Although it is unlikely that mud can 
actually suck a shoe off, deep mud can interfere with a 
horse’s timing and balance. The mud might slow down 
one limb, and another one comes unstuck suddenly and 
lands haphazardly on the edge of another shoe and 
plucks it off. (Note: Other heavy or deep footing, such 
as sand, snow, or even long grass, can also alter limb 
movement and result in lost shoes.) 

Hoof and Limb Conformation 

A horse with an exaggerated angle to its fore pasterns, 
especially one with its limbs set ahead of its body and 
underrun heels, requires front shoes placed so far back 
on the hoof (for flexor support) that the shoe could easily 
be stepped on. Underrun heels can develop in a matter 
of months from shoes that are left on too long or from 
a shoe that is too short. Underrun heels are difficult, if 
not impossible, to correct; aggressive treatment includes 
using a shoe with a generous base of support at the heels, 
which can easily be stepped on. To minimize repeated 
lost shoes, the heel support may be compromised tempo¬ 
rarily, but this means that the underrun heel condition 
has less chance of correcting itself. 

A base-narrow, toed-out horse may step off a from 
shoe with the other front foot. Also, horses can inherit or 
develop poor-quality hooves. Thin hoof walls and shelly 
horn make lost shoes much more likely. 

Leaving Shoes on Too Long 

A common cause of lost shoes is shoes that arc left 
on too long. This causes the hoof to overgrow the shoe 
at the heels and quarters. The small amount of hoof w all 
that remains to support the horse’s weight often col¬ 
lapses, which forces the shoe up into the sole. (This de¬ 
forming of the hoof wall is a cause of underrun heels.) 
The nail clinches become loose and work on the nail 
holes, making them larger. The loose nails then get 
sheared off or the shoe rorates on the hoof and gets 
stepped off. When a shoe is left on too long, the hoof 
grows out of balance (long-toe-low-heel configuration), 
which can lead to a delayed breakover and lost shoes as 
a result of overreaching. 
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A clubfoot or even just a normally steep hoof might 
develop a dish if the heels are lowered too much in an 
attempt to “balance’'’ the foot. These types of hooves are 
better maintained at a relatively steep angle of 60 to 65°. 
Enhancing the breakover is also important. 

As with flares, an increase in hoof moisture allows 
the hoof wall to dish more easily, so it is best to keep 
the hooves dry, with a hoof sealer, if necessary. 

Additional Support 

Extended-Heel Shoes 

Extended heel shoes arc used to lengthen the base of 
support for the limb. In a properly trimmed hoof, the 
length of the support base (shoe) is commonly twice the 
toe length (Fig. 9.46). In an ideally conformed hoof, the 
amount of shoe extended past the heel of the hoof is 
% to *4 inch, enough to allow for the normal forward 
migration of the shoe over the 5- to 8-week shoeing pe¬ 
riod. Hooves with some degree of underrun heels require 
longer shoes to achieve the necessary support. 

The shape of extended-heel shoes when applied to the 
forefeet usually follows the shape of an egg bar shoe, 
and in fact, they arc called “open egg bars.” On the 
hind feet, the extended heels can be bent straight back to 
form a true extended-heel shoe or bent out 45° to form 
bilateral trailers (Fig. 9.76). Bilateral Trailers widen as 
well as lengthen the support base, adding stability to the 
foot and limb. The clefts of the frogs of hooves with 
shoes with outward-bent heels can be cleaned more eas¬ 
ily than those with open egg bar shoes (Fig. 9.77); unfor¬ 
tunately. these shoes further prevent the natural rotation 
that occurs during the impact phase of the stride. The 
danger of using these shoes on the front is that the trailers 
are likely to be stepped on. Generally, the extended-heel 
shoe is an excellent support shoe and performance en¬ 
hancer w hen used on the hindfect of horses engaged in 
strenuous athletic activities, such as dressage and 
jumping. 

Egg Bar Shoe 

A shoe with extended branches that curve inward and 
connect to each other at the heels is an egg bar (Fig. 
9,78). F!gg bar shoes provide a large, srable base that 
extends behind the heels. This longer base supports the 
heels in soft footing, prevents the hoof from rocking 
back, and takes some stress off the flexor support struc¬ 
tures, the navicular region, and the coffin joint. 


Egg bar shoes can be used to treat many conditions, 
including navicular syndrome, caudal heel pain, sheared 
heels and quarters, contracted heels, collapsed and un¬ 
derrun heels, and flat soles. A flat-soled hoof (“dead 
hoof”) is one that lands with a thud; it is not conformed 
to transmit resilient energy. Such a hoof shod with an 
egg bar shoe may, over time, begin to develop a more 
cupped (concave) sole, a desirable configuration that cre¬ 
ates a trampoline-like contraction and expansion, allow¬ 
ing the hoof to spring off the ground. 

By virtue of the shape of the bar and the extra amount 
of material in an egg bar shoe, rhe horse’s weight is 
spread out over a larger area of ground, providing a 
larger base of support than does a conventional shoe. 
This is particularly important for horses that have a dis¬ 
proportionate relationship between their body weight 
and the circumference of their hooves (heavy horses, 
small hooves). 

The egg bar shoe is especially beneficial for horses 
whose heels have collapsed forward and inward, result¬ 
ing in an underrun hoof, often with a flat sole. If the 
heel tubules are already angled forward, the condition 
may be irreversible. This shoe may also help horses 




Figure 9.76 Left to right: open egg bar shoe, 
extended heel shoe, extended heel shoe with 
bilateral trailers. (Reprmted with permission from 
Hill C. Klimesh R. Maximum Hoof Power North 
Pomfret. VT: Trafalgar Square Publishing. 2000.) 
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Figure 9.78 Egg bar shoe. (Reprinted with permission from Hill 
C, KJimesh R. Maximum Hoof Power. North Pomfret, VT: Trafalgar 
Square Publishing, 2000.) 


whose hooves are flared outward on the sides with the 
Heels collapsed forward. 

The weight of a horse with underrun heels or a long- 
toe-low-heel configuration is concentrated at the back 
of the hoof or even behind the hoof, which causes excess 
flexor support stress. In soft or deep footing, the larger 
ground surface of an egg bar “catches" the horse’s 
weight as it descends down the limb, thereby reducing 
the pressure on the flexors, navicular region, and coffin 
joint. The egg bar also extends the base of support and 
effectively redirects the horse’s weight forward toward 
the center of the hoof. This creates a more desirable, 
upright hoof-pastern axis. 

Because the bar of an egg bar is located behind the 
frog, the heel bulbs are protected. The egg bar shoe not 
only prevents the heels from sinking down into soft foot¬ 
ings but also protects the bulbs from the direct trauma 
of striking the ground. 

The hoof must be trimmed properly before an egg 
bar shoe is applied. If the toe is left long, it will impede 
breakover, which defeats the purpose of the shoe. Modi¬ 
fying the toe of the shoe, by rockertng or squaring it, 
can ease breakover. The egg bar shoe should be fitted 
wide from the broadest part of the foot toward the rear. 
The length of this shoe depends on the configuration of 
the hoof. It may be short enough to resemble a straight 
bar shoe, or it may extend to the back of the heel bulbs, 
forming a true egg shape. 

Because the egg bar shoe consists of more material 
than a standard shoe, the action of the horse may be 
affected by the additional weight. The hoof may reach 
a higher arc in its flight, and the knees and hocks may 


exhibit a greater degree of flexion. During extension, the 
slight increase in weight at the end of the limb may result 
in a slight exaggeration of the horse throwing the foot 
forward. If this is the case and the action is undesirable, 
an aluminum egg bar, which is much lighter, is appro¬ 
priate. 

Depending on the circumstances, the horse wearing 
bar shoes may require different management. A bar shoe 
tends to collect and retain bedding, mud, or manure, so 
the hooves must be cleaned regularly. Horses wearing 
egg bars should not be turned out in deep or muddy 
footing. 

The egg bar shoe is used in a wide variety of therapeu¬ 
tic applications and on horses involved in performing 
show jumping, hunting, dressage, cutring, reining, plea¬ 
sure riding, and trail riding. In addition to potentially 
increasing the useful life of a horse, this shoe encourages 
the development of a more correct, functionally sound 
hoof. Recognition of the value of egg bar shoes has 
prompted several manufacturers to add both steel and 
aluminum egg bar shoes to their product lines. 

Full-Support Shoes 

A full-support shoe is an egg bar shoe with a frog 
support plate (Fig. 9.79). It is often called a "heart bar/ 
egg bar." The plate of the full-support shoe contacts a 
large portion of the frog, whereas the tip of a true heart 
bar may contact only a small area of the frog (the size 
of a dime). Full-support shoes are available commercially 
or can be made by a qualified farrier. The full-support 
shoe is used to treat hooves with flat or dropped soles 
and hooves w r ith weak or underrun heels. A portion of 



Figure 9.79 Full-support shoe. (Reprinted with permission from 
Hill C. Klimesh R. Maximum Hoof Power. North Pomfret. VT: 
Trafalgar Square Publishing, 2000.) 
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in its complete molded form. The impression materia! 
is lightly rasped, and a pad and shoe arc applied. This 
impression material/paclang approach has been helpful 
in treating cases of iaminiris, quarter cracks, and navicu¬ 
lar svndrome. 

4f 

Commercial hoof packing preparations are available. 
They are associated with different degrees of success (see 
“Resources” in this chapter). 

CVP Method 

An excellent alternative for packing is the Klirnesh 
CVP gasket pad technique. CVP is an acronym for the 
three main ingredients: copper sulfate powder, Venice 
turpentine, and polypropylene (poly) hoof felt. Poly felt, 
which does not readily absorb water, was developed spe¬ 
cifically as a hoof packing material. The copper sulfate 
and Venice turpentine combine to make a medicated ad¬ 
hesive that binds the poly felt to the sole, forming a gas¬ 
ket between the pad and the hoof. This gasket protects 
the hoof wall and sole from the invasion of sand, dirt, 
mud, water, and other foreign matter for the entire 5- 
ro 8-week shoeing period. 

'The Venice turpentine is spread onto eirher the hoof 
or the poly felt, and the copper sulfate is lightly sprinkled 
over it; or the two are stirred together to form a light 
green mixture (approximately 3 tablespoons copper sul¬ 
fate to t pint Venice turpentine), which is then spread 
onto the hoof or felt. The copper sulfare migrates into 
fissures in the hoof wall and sole, preventing the growth 
of undesirable organisms and eliminating the foul odor 
often associated with the use of full pads. 

The CVP packing forms a harrier that prevents excess 
moisture from baths, creeks, or muddy pens from soften¬ 
ing the hoof. If too much copper sulfate is used, however, 
the hoof tissues may dry out and become flaky. After 
the hoof is trimmed and ready for the pad and shoe, 
the commissures of the frog are filled with appropriately 
sized pieces of poly felt, which is lightly coated with the 
CV mixture. If the frog is recessed below the level of the 
hoof, pieces of CVP are placed on the hack half of the 
frog to build up the area between the heels to the level 
of the trimmed hoof wall. This prevents mud and debris 
from getting between the pad and the sole. 

If the sole has an extreme cup to it, CVP is used to 
fill the area level with the wall. The packing should not 
bulge out the center of the pad when it is applied to 
the hoof. As the horse moves, the CVP packing will be 
compressed and conform to the contours of the sole and 
frog. If the horse loses a shoe, often the CVP gasket will 
remain adhered to the sole, providing sole protection 
until the pad and shoe can be replaced. 

Pad Uses 

Full pads are often used to protect a bruised sole while 
it heals. If a pad is applied over a sole bruise that may 
abscess, however, it tends to fester the abscess quickly. 
The horse may exhibit great pain after the pad has been 
on for a short period, necessitating the removal of the 
pad. Once the abscess has been treated and has dried 
out (sec the section on treatment plates), a pad can be 
applied again, if necessary, for protection. 


For many years, full pads were used in the treatment 
of acutely laminitic horses, with the belief that the pads 
provided protection for the horse’s sore feet. The pres¬ 
sure transferred to the sole by a pad and packing, how¬ 
ever, may compromise blood flow and lead to further 
degeneration of structures within the hoof. In addition, 
if sole abscesses develop, pads may increase the pressure 
of the abscesses on the sensitive sole, making treatment 
more difficult. Many horses with chronic founder, how¬ 
ever, have benefited from the application of a hard plas¬ 
tic pad and minimal packing of hoof felt and Venice 
turpentine. 

In cases in which injury or surgery results in a partial 
loss of the hoof wall, a full pad can keep the sole free 
from debris and decrease the amount of bandaging mate¬ 
rial needed. Full pads may he prescribed for horses that 
have navicular syndrome, particularly those that are the 
most painful to hoof testers over the central third of the 
frog. Hooves with wide-open, low heels are sometimes 
believed to have incurred navicular syndrome or heel 
soreness from the direct concussion to the frog and heel 
regions. In some cases, full pads used to protect this area 
may actually transmit the concussion to the navicular 
region. A straight bar or V-bar shoe might be more effec¬ 
tive in providing protection for this type of navicular 
problem. 

Along with the use of full pads comes an interruption 
in hoof moisture balance. When a full pad covers the 
sole of a hoof, outward moisture migration via the sole 
is halted, and the hoof structures can become softened 
and weakened. In addition, full pads tend to trap mois¬ 
ture from slush, mud, snow, and normal hoof respiration 
next to the hoof structures, causing sole deterioration 
and providing a suitable environment for growth of bac¬ 
teria, fungus, and yeast (see the section on CVP method). 
Some experts believe that horses tend to develop an even 
thinner sole from wearing pads full time, thus becoming 
dependent on pads. Some horses with weak soles have 
developed a thick normal sole with the use of full pads 
and the CVP method. 

Traction is decreased with a full flat pad; the cup of 
the bare sole and the frog are covered; therefore, the grip 
of the shoe is all that remains. Some full-support pads 
have an artificial frog built onto the ground surface, 
which helps compensate for traction loss. The added 
weight of a pad and packing can exaggerate a horse’s 
action and travel. 

There are many pads on the market that claim to pro¬ 
tect the horse by reducing concussion. The effectiveness 
of shock-absorbing pads is largely undocumented and 
widely debated. A properly shod healthy foot provides 
all the shock absorption necessary for normal work by 
transferring the energy of the hoofs impact to the shock- 
absorbing structures: the hoof wall, the laminae, the 
frog, and the digital cushion. If the hoof structures arc 
abnormal or the work is excessive, concussion-reducing 
pads are sometimes prescribed. Success depends on the 
type of pad used, the horse’s conformation, the degree 
of hoof pain, the footing, and other management factors. 
One study that assessed the homotypic variations in shoe 
characteristics of Thorough bred racehorses found that 
bonded rim pads were the most common (20.8% of 
horses) and were more frequently found on older (above 
2 years) than younger (2-year-old) horses. 
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Figure 9.95 Base of support centered under the limb A. C, Klimesh R- Maximum Hoof Power Worth Pomfret. VT Trafalgar 

Centered hoof B Offset hoof (Repnnied with permission from Hill Square Publishing, 2000 } 



Figure 9.96 A properly trimmed bare hoof. Note the mild 
proximal displacement of the coronet (Repnnted with permission 
from Hill C. Klimesh R. Maximum Hoof Power. North Pomfret. VT: 
Trafalgar Square Publishing. 2000.) 



Figure 9.97 The full*rim shoe has a full rim on the outside 
edge of the web to increase traction, especially among 
Standardbreds. Inset. Cross section of the web with rim (A) on the 
outside 
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Figure 9.98 Left to right: studs, ice nails, bonum (Reprinted 
with permission from Hill C, Klimesh R Maximum Hoot Power 
North Pomfret, VT: Trafalgar Square Publishing. 2000.) 



Figure 9.99 An assortment of screw-in studs. (Reprinted with 
permission from Hill C, Klimesh R Maximum Hoof Power. North 
Pomlret, VT: Trafalgar Square Publishing, 2000.) 


9.98) unwisely can he dangerous. Adhering to the fol¬ 
lowing principles minimizes risk: 

• Determine the activity level of the horse. 

• Take into account the normal footing. 

• Select the appropriate type of traction device. 

• Apply traction devices slowly and carefully because of 
the added torque and stresses that may develop. 

• Use traction devices on both forefeet and hindfeet and 
on both sides of the shoe to prevent uneven torque. 

• Gradually build up the traction to the optimum level. 

• Closely monitor the horse for signs of lameness. 

• Realize that a small degree of slide on landing is natural 
and desirable because it dissipates some shock that 
would otherwise he transmitted to the horse's limb. 

It is advisable to use clips whenever calks, ice nails, 
or borium spots or smears are applied. Adding traction 
devices essentially stops the shoe, hut the horse's body 
mass (including the hoof that is attached to the shoe) is 
still moving forward. Once the nails become loose and 
movement begins, the hoof wall can split and break. 
Clips help keep the shoe from shifting and loosening and 
take much of the strain off the nails. 

Usually, quarter clips (so-called because they are ap¬ 
plied at the quarters of the hoof) are used; however, a 
single toe clip is sometimes used on each front shoe. 
Quarter clips are applied somewhere between the toe 
and the quarter on both branches of the shoe. 

A hoof (or foot) normally goes through a certain 
amount of slide and often some degree of rotation as it 
lands and takes off again. If a horse is deprived of this 
normal motion (suddenly or excessively), the forces arc 
taken up by the joints, soft tissue support structures, and 
tendons. Injuries from excessive or inappropriate trac¬ 
tion can show up immediately or after long-term use. 
One study evaluating the effect of '4-inch calks placed 
in a balanced manner found that the devices changed the 


TYPES OF SHOES AND DEVICES THAT AFFECT 

TRACTION 

Standard keg shoe Plain steel shoes, whether creased or 
punched for the nail heads, usually provide adequate trac¬ 
tion for most situations. 

Aluminum shoe Aluminum shoes may have a slightly bet¬ 
ter grab than steel shoes because they are softer hut wear 
out faster. Wear can be extended by inserting a steel wear 
plate at the toe or borium to the ground surface. Alumi¬ 
num racing plates with toe grabs or heel stickers can be 
used successfully m some situations. 

Rim shoe The nail crease that is on the ground surface 
of most keg shoes is called the swedgr. When swedgitig 
extends the entire length of the shoe, tt is termed a full* 
swedged or rim shoe (Fig. 9.97). l ighter variations of the 
rim shoe are the polo shoe, which is full swedged with a 
higher inside rirn, and the barrel-racing shoe, which has 
a higher outside rim. Rim shoes provide added traction 
because the rims, until they arc worn down, grab the 
ground. Also, the dirt that packs into the swedge provides 
more traction against the ground than docs a flat steel 
shoe. 

Toed and heeled shoes Keg shoes arc available with per¬ 
manent calks forged at the heels or at the toe and heels. 
In soft footing, such as warm winter conditions, these 
sink into semifrozen ground or soft ice and give good 
traction. On hard ice or rocks, however, these shoes are 
not as effective. 

Borium Borium (tungsten carbide) or other hard-surfac¬ 
ing materials can be applied to the ground surface of the 
horse's normal shoe in smears, beads, or points (Fig. 

9.98) . 

Nails Commercial frost or mud nails with ribbed or spe¬ 
cially hardened heads can be substituted for regular 
horseshoe nails to provide added traction. One at each 
midpoint nail position may be all that is necessary. ITic 
treated or pointed heads resist wear and dig into hard 
ground or ice (Fig. 9.98). 

Calks Calks arc projections added to the ground surface 
of the shoe for providing traction. They can be permanent 
or removable. Threaded studs (removable) have bullet- 
shaped or blocky heads and range in height from 11/16 
inch for show jumpers to V 4 - to 4’inch road calks (Fig. 

9.99) . Although removable studs offer the advantage of 
applying the right amount of traction for a particular 
footing, the sudden change may not allow a horse to 
adapt to its new traction. Permanent calks are driven or 
forged into the shoe or brazed or welded onto the shoe 
(Fig. 9.98). Because of their permanence, a horse can be¬ 
come thoroughly familiar and confident with the new 
traction, but the amount of traction provided cannot be 
changed between shoeing* to accommodate different 
footings. 

Toe grabs Toe grabs are devices formed by steel inserts 
in the toe of the shoe that extend toward the ground 
surface. The grab can be low (4 mm), regular (6 mm), or 
high (8 mm). 


forces placed on fetlock and phalangeal joint surfaces 
and on the tendon and ligament structures in the lower 
limb during the stance phase. The authors hypothesized 
that the change in forces would increase the chances of 
injury to these sites.'" 
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PREFACE TO THE 
FIFTH EDITION 


First and foremost, I want to extend my sincere thanks 
to the veterinary profession, veterinary students, stu¬ 
dents in related equine science programs, paraprofes- 
sionals in the equine industry, and horse owners 
throughout the world for their wide acceptance of the 
fourth edition of Adams’ Lameness in Horses. The many 
favorable comments I received throughout the years 
have, to a large degree, provided me with the impetus 
to embark on the much-needed revision of the fourth 
edition. That being said, it pleases me to provide the 
veterinary profession and persons in equine-related fields 
with the extensively revised fifth edition of Adams' 
lameness in Horses. As with the fourth edition, the 
changes are substantial, including the addition of new 
authors, the reorganization of material, and the reduc¬ 
tion in the number of chapters from 14 to 9. As with the 
other editions, the fifth edition is designed to appeal to 
a wide audience in equine-related fields. 

Chapter I has been revised to provide the reader with 
an updated version of the functional anatomy of the 
equine locomotor system. The latest information regard¬ 
ing the dermal microcirculation of the foot and the anat¬ 
omy of various joint capsules and their distribution has 
been added with detailed illustrations to support the dis¬ 
cussion. As usual. Dr. Rainer’s attention to detail pro¬ 
vides a complete reference for the various regions of the 
musculoskeletal system. I would like to thank Dr. Robert 
Bowker for his contributions to this chapter. 

Chapter 2 has changed considerably and covers a dis¬ 
cussion of conformation and locomotion. The part on 
conformation has been extensively revised and updated 
with as much reference material as possible in hopes of 
providing objective data from which to draw conclu¬ 
sions. Additionally, the discussion of normal movement, 
movement abnormalities, and factors that affect move¬ 


ment, which expands on the material from Chapter 13, 
“Natural and Artificial Gaits," from the fourth edition, 
has also been included. Cherry Hill’s co-authorship has 
provided much needed insight from a certified {carded by 
the U.S. breed associations) equine judge's standpoint. 
Cherry’s background as a professional horse trainer and 
instructor has also added a practical perspective that I 
believe will appeal to veterinarians and horsemen alike. 

Chapter 3 is presented in the same format as in the 
previous edition, with the addition of new material to 
make it as current as possible. Most of the anecdotal 
material has been removed except where personal expe¬ 
rience was interjected to provide another perspective. 

Manv new illustrations have been added to facilitate the 

# 

discussion. 

Chapter 4, the imaging chapter, has been completely 
updated and includes two new parts, one on ultrasound 
and one on nuclear medicine. The discussion of rhese 
two imaging modalities, used extensively for lameness 
diagnosis, has greatly increased the amount of material 
presented. Chapter 4 is divided into three parts. Part I, 
authored by Dr. Richard Park, provides an updated dis¬ 
cussion of radiography in the diagnosis of equine lame¬ 
ness. This is followed by Part 11, a comprehensive discus¬ 
sion by Dr, Robert Wriglcy on the usefulness of 
ultrasound in lameness diagnosis. This part’s many illus¬ 
trations provide a useful and clear understanding of the 
anatomy being imaged. In Part Ill, Dr, Phillip Steyn pro¬ 
vides a comprehensive discussion and presentation of il¬ 
lustrations on the value of nuclear medicine in the diag¬ 
nosis of equine lameness. I would like to thank Dr. 
Richard Park for his leadership role in the development 
of this chapter. 

Chapter 5 has also been completely updated with the 
addition of a new first author. Dr. Kate Savage, with Dr. 
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Lewis acting as second author. This chapter provides the 
most current information regarding the role that nutri¬ 
tion plays in musculoskeletal development and disease. 

Chapter 6 has also been completely revised and up¬ 
dated. With the departure of my colleague. Dr. Simon 
Turner, from the clinical arena to research. Dr. Gary 
Baxter has taken over as the first author of this chapter, 
with Dr. Turner serving as second author. A significant 
addition to this chapter is a comprehensive and practical 
discussion of the emergency (“first aid") management of 
equine fracture patients for transport and/or treatment. 
Many illustrations have been added to support the dis¬ 
cussion. 

Chapter 7 has been extensively revised by Dr. Wayne 
Mcllwraith. The addition of much research material to 
this chapter provides the reader with the most current 
information on the etiopathogenesis, diagnosis, and 
treatment of the various causes of joint disease and re¬ 
lated structures. Many new illustrations have been added 
to augment the discussion of these various entities. 

Chapter 8 has been extensively revised and greatly 
expanded, with the addition of new diseases. Dr. Alicia 
Bcrtone has updated discussion on the diseases associ¬ 
ated with the fetlock region, including the metacarpus 
and carpus. Dr. Ken Sullins has updated discussion on 
the diseases of the hindlimb up to the coxofemeral joint. 
Dr. Dean Hendrickson has revised discussion on the dis¬ 
eases associated with the pelvis, back, and axial skeleton. 
The addition of these authors has greatly improved my 
ability to provide the reader with the most comprehen¬ 
sive and current discussion of the various diseases that 
cause lameness. As with the fourth edition. Chapter 8 

concludes with discussion of “wobbler svndrome” and 

# 

the various diseases of the spinal cord that can produce 
locomotor disorders that appear similar clinically. Dr. 
Alan Nixon has completely revised this section and, of 
note, has added a comprehensive discussion of the most 
current information on the diagnosis and treatment of 
equine protozoal myeloencephalitis (EPM). 

Chapter 9 has been completely reorganized and up¬ 
dated and is presented in an entirely different format 
from that presented in the fourth edition. It incorporates 
information from Chapters 10 to 12 of the fourth edi¬ 
tion. The addition of Cherry Hill, Richard Klimesh, and 
Gene Ovnicck as co-authors has greatly improved the 
presentation of this material, which should make this 
chapter most useful to all who read it. (Chapter 14, 
“Methods of Therapy," from the fourth edition has been 
eliminated, since most of this material is covered 
throughout the fifth edition for specific lesions or dis¬ 
eases and because many other texts cover the topic more 
completely than I possibly could in one chapter.) 

With the expansion of the literature pertaining to 
lameness diagnosis and the recognition of new diseases, 
the reader will soon recognize that the reference lists 
have expanded in all portions of the text. In all cases the 
authors tried to include reference material from journals 


and text sources other than those of English-speaking 
countries. This was difficult at times, since frequently 
only summaries and abstracts were written in English. 

I am grateful and indebted to Mark Goldstein for his 
untiring efforts and the many tasks he performed to 
make the fifth edition possible. Mark scanned the entire 
fourth edition onto computer. This unfortunately had to 
be done because the majority of the fourth edition text 
was lost in the archives of computer services. Following 
scanning, Mark proofread the material word for word, 
including checking superscripts and reference format¬ 
ting. This had to be done, since the accuracy of the scan¬ 
ner at that time was only about 70%. Mark also did all 
the literature searches for the entire text and copied and 
organized the literature for distribution to contributing 
authors. Additionally, Mark combined new and old ref¬ 
erences for the fifth edition and added their numbered 
callouts in the text. Mark, thanks for your loyal and 
untiring effort; without you it would have been very dif¬ 
ficult to complete the fifth edition. 

The addition of numerous illustrations and photo¬ 
graphs represents a tremendous time commitment and 
effort on behalf of the Computer-Assisted Teaching Ser¬ 
vice laboratory at Colorado State University. For the ma¬ 
jority of the new illustrations I am deeply indebted to 
Jcnger Smith for her skill and expertise in producing 
these fine illustrations for the fifth edition. Her desire to 
produce the best possible image and her untiring efforts 
are most appreciated. Additionally, I am grateful to Gale 
Mueller from Visible Productions for the excellent illus¬ 
trations she made for Chapters 1, 3, and 7. 

I am grateful to my colleagues, Drs. Baxter, Hendrick¬ 
son, Mcllwraith, and Trotter, including referring practi¬ 
tioners, for allowing me the courtesy of using some of 
their case material as examples. I also acknowledge the 
contribution of my colleagues and the surgical residents 
who have contributed to the care and treatment of some 
of the cases presented in this text. A special thanks is 
extended to the many practitioners who have referred 
cases that have been used in this text. Without their con¬ 
tinued support, the accumulation of the case material 
would not have been possible. Additionally, I am grateful 
to the technicians who provided support in the care of 
these patients. 

Dana Battaglia, Managing Editor, and the entire staff 
at Lippincott W illiams & Wilkins have been most patient 
and helpful in the preparation of the fifth edition. I am 
grateful for their support and guidance. I also wish to 
thank Carroll Cann, former veterinary editor for Lippin¬ 
cott Williams & Wilkins, who provided early encourage¬ 
ment for this edition. 

I hope the new fifth edition meets all the expectations 
and needs of those who read it. As always, I look forward 
to your cooperation in making corrections and suggested 
revisions for future editions. 

Fort Collins, Colorado Ted S. Stashak 
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PREFACE TO THE 
FOURTH EDITION 


When 1 was contacted by Mr. George Mundorff, Execu¬ 
tive Editor for Lea & Febigcr, regarding the possibility 
of revising the third edition of “Lameness in Horses" by 
Dr. O. R. Adams, I was excited but naive to the task 
at hand. Dr. Adams had, in his previous three editions, 
established the state of the art of lameness diagnosis and 
treatment, presenting it in a unique manner that ap¬ 
pealed to veterinarians, horse owners and trainers, and 
farriers. Without a doubt, he defined and directly influ¬ 
enced the course of this subject more than any other 
individual during this time. I was truly fortunate to train 
under him during my internship and surgical residency 
at Colorado State University. His never-ending thirst for 
knowledge, his humor, his friendship, and his love of the 
veterinary profession have inspired me throughout this 
endeavor. I only hope that I have served his memory well 
and that he would be proud of this fourth edition. 

After considerable discussion with Lea & Fcbigcr and 
the assurance of Mrs. Nancy Adams, Dr. Adams' widow, 
I embarked on the revision with some basic changes in 
format in mind. These included the addition of new au¬ 
thors, changes in chapter sequence and presentation, the 
addition of new chapters and deletion of some old ones, 
and the transition from a monograph to a reference text. 
Because I wanted the fourth edition to represent the 
school where Dr. Adams attended and taught, I selected 
mostly authors from our faculty on the basis of their 
expertise and their ability to provide a broad base of 
opinion for the reader. 

With the idea of approaching the discussion of lame¬ 
ness as one would approach a lameness examination it¬ 
self, I changed the sequence of presentation. Using the 
newest accepted nomenclature. Chapter 1 deals with the 
functional anatomy of the equine locomotor system and 
represents a complete revision of Chapter 2 in the previ¬ 


ous edition. Dr. Kainer starts with the forelimb, advanc¬ 
ing from the foot up the limb, describing the regional 
anatomy of each site. The hindlimh is covered in similar 
fashion. The nomenclature may be confusing initially to 
older graduates of American veterinary schools, hut re¬ 
cent graduates as well as foreign veterinarians will be 
well versed in this terminology. We felt it was time to 
make this transition since the new nomenclature has 
been in use for at least 4 years. (Older terms arc included 
parenthetically.) 

Following a format similar to the previous edition. 
Chapter 2 deals with the relationship between conforma¬ 
tion and lameness. I have eliminated “The Examination 
for Soundness," which was Chapter 3 in the previous 
edition, because it discussed many topics unrelated to 
lameness and, simply, because the subject of soundness 
is so comprehensive it could be covered in a separate 
text. The present Chapter 3 deals with the diagnosis of 
lameness. After defining lameness and establishing how 
to determine which limb is lame, the description of the 
physical examination begins at the foot of the forclimh 
and proceeds upward. Emphasis is placed on recognition 
of problems peculiar to the region examined. Following 
this is a description and illustration of perineural and 
intrasynovial anesthesia. 

The next logical step in the diagnosis of lameness is 
radiology, which is discussed in Chapter 4. This chapter 
is comprehensive; nothing like it has been published else¬ 
where. The format of the text and illustrations should 
answer any question the reader may have regarding the 
techniques for taking radiographs and interpreting them. 
The artwork beautifully illustrates the different struc¬ 
tures seen on various radiographic views, and the illus¬ 
trations are labeled so that anatomic sites are easilv iden¬ 
tified. 

in 
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Chapters 5 through 7 arc new. Discussing the role of 
nutrition in musculoskeletal development and disease. 
Chapter 5 illustrates a unique approach not used else¬ 
where. Dr. Lewis provides a comprehensive review of 
specific nutritional disorders, their causes, and their 
treatment for all phases of growth and development in 
the foal, during pregnancy and lactation in the mare, and 
during maintenance of the working horse. This informa¬ 
tion will benefit both the horseman and the veterinarian. 
Chapter 6, by Dr. Turner, starts with a brief review of 
endochondral ossification and then discusses the diseases 
associated with hones and muscles and their treatment. 
In Chapter 7, Dr. Mcllwraith describes the develop¬ 
mental anatomy of joints and related structures, disease 
processes, clinical signs, and treatments. Both of these 
chapters present in-depth reviews, with major emphasis 
on the pathogenesis and pathobiology' of the diseases. 
They arc heavily referenced, and will be of major interest 
to the veterinary profession. 

Representing a complete revision of Chapter 8, 
“Lameness” updates the reader on new diseases as well 
as new findings and treatment for previously recognized 
entities. Unlike past editions, this material is heavily ref¬ 
erenced. Information regarding the prevalence of the dis¬ 
ease within various breeds according to sex and age in¬ 
troduces each subject. The format of the chapter has been 
changed to start with diseases relating to the foot region 
and then proceeding upward anatomically, consistent 
with the way most equine practitioners approach a sys¬ 
tematic examination. Specific diseases of each region arc 
discussed separately. This chapter, though referenced 
heavily and written technically, should be of interest to 
the horseman as well as the veterinary profession. I am 
particularly grateful to Dr. Alan Nixon for his thorough 
and comprehensive review of the diagnosis and treat¬ 
ment of the “wobbler’s syndrome" in horses. His presen¬ 
tation is clear and well illustrated, giving the reader the 
confidence to differentiate among the diseases that cause 
this syndrome. 

Chapters 9 through 12 were written primarily for the 
horseman and farrier, though they will also be of interest 
to the veterinarian, particularly the equine practitioner. 
I have updated these chapters with new information, as 
well as listing what the horseman should look for when 
the horse is properly trimmed and shod. Chapter 13, 
“Natural and Artificial Gaits,” is essentially unchanged. 
Chapter 14, “Methods of Therapy,” has been updated, 
and includes an extensive revision of different methods 
of external coaptation. This chapter ts primarily directed 
toward the veterinary profession, though the horse 
owner will obtain insight into why different treatments 
are selected. 

With the explosion of literature pertaining to muscu¬ 
loskeletal disease in the horse and the demands put on 


authors and editors alike, it became obvious that a tran¬ 
sition from a monograph to a reference text was timely. 
To this end the authors have attempted to provide the 
latest information. As with any large text, however, au¬ 
thors and editors alike feel somewhat frustrated because 
at the time of publication some of this information will 
be out of date. With few exceptions, we stopped referenc¬ 
ing material published in 1985. Occasionally publica¬ 
tions in 1985 changed the presentation of the materials 
so much rhat it could not be denied and therefore was 
included. 

I am grateful to Dr. Robert Kainer, Professor of Anat¬ 
omy and author of the first chapter, for taking the rime 
to review and advise me on the nomenclature used in this 
book. A special thanks is extended to Dr. A. S. Turner 
for his review and comments on Chapter 8. The fine 
contributions of all the authors is sincerely appreciated. 
I want to thank Dr. Robert Perce (California) and Mr. 
Richard KJimesh (farrier, Colorado) for their advice on 
the chapters dealing with trimming and shoeing horses. 

The addition of many new illustrations and photo¬ 
graphs represents a tremendous time commitment and 
effort on behalf of the Office of Biomedical Media at 
Colorado State University. For the illustrations, 1 am in¬ 
debted to Mr. Tom McCracken and Mr. John Dougherty 
for their expertise and the cooperation they have given 
me. For the photographs I am grateful to Mr. Al Ki I mins¬ 
ter and Mr. David Clack, for their expertise, coopera¬ 
tion, and commitment to excellence. For the design of 
the book cover I thank Mr. Dave Carlson. 

Most of the manuscript was typed by Mrs. Helen 
Acevedo. Her cooperation and patience with the many 
revisions necessary to complete this text are gratefully 
appreciated. 

1 am also grateful to my many colleagues who took 
the time to personally reveal their thoughts regarding 
certain topics. A special thanks is extended to the follow¬ 
ing: Dr. Joerg Auer (Texas), Dr. Peter Haynes (Louisi¬ 
ana), Dr. Larrv Bramlage (Ohio), Dr. Joe Foerner (Illi¬ 
nois), Dr. Dallas Goble (Tennessee), Dr, Robert Baker 
(Southern California), Dr. Robert Copelan (Kentucky) 
and Dr. Scott Leith (deceased. Southern California). 

Mr. Christian C. Febiger Spahr Jr., Veterinary Editor, 
Mr. George Mundorff, Executive Editor, Mr. Tom Col- 
aiezzi. Production Manager, Ms. Constance Marino, 
and Mrs, Dorothy Di Rienzi, Manager of Copy Editors, 
and the entire staff at Lea Sc Febiger have been most 
helpful in the preparation of this book. I am grateful for 
their support and guidance. 

I hope this hook will he useful to all who read it. I 
hope to receive your cooperation in making corrections 
and suggested additions for further revisions. 

Fort Collins, Colorado Ted S. Stashak 
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Functional Anatomy of Equine 
Locomotor Organs 

Robert A. Kainer 



ANATOMIC NOMENCLATURE AND USAGE 

Through the efforts of nomenclature committees, in¬ 
formative and logical names for parts of the horse’s body 
(as well as positional and directional rerms) have 
evolved, and are found in the Notninu Anatomica Veteri- 
narta (N.A.V.).* 2 Some older terminology is still accept¬ 
able. For example, while thoracic limb and pelvic limb 
are preferred anatomic designations, forclimb and hind- 
limb are commonly used. Navicular bone for distal sesa¬ 
moid bone, coffin joint for distal interphalangeal joint, 
pastern joint for proximal interphalangeal joint, and fet¬ 
lock joint for metacarpophalangeal joint are acceptable 
synonyms. It behooves one to be familiar with many of 
the older terms. But some have become archaic and even 
add to the confusion in communicating structural con¬ 
cepts. There arc a few common departures from N.A.V. 
terminology: while some anatomists agree with the 
N.A.V. in considering the corium to be part of the hoof 
and the cartilage attached to the distal phalanx to he 
the cartilage of the hoof (ungual cartilage), 41 ' 42 * 41 others 
maintain that the hoof is solely epidermal and that the 
cartilage of the distal phalanx is just that. 14,1 K * 44 The 
term, sagittal, indicates a proximodistal, dorsopalmar 
(dorsoplantar) middle plane through the equine digit. A 
parasagittal plane is parallel to the sagittal plane. Axial 
means toward the axis of the digit (essentially synony¬ 
mous with sagittal); abaxial, away from the digit. In this 
book acceptable synonyms will be indicated parentheti¬ 
cally, and the two terms may be used interchangeably. 

In Figure 1.1 note that positional adjectives end in 
-al. When the terms are used as positional adverbs, the 
suffix -ally is substituted. When used as directional ad¬ 
verbs (those indicating direction from a given point), the 
suffix -ad is substituted. For example, a structure is lo¬ 
cated distallv; another structure extends or courses dis- 
tad. With the exception of the eye, the terms anterior 
and posterior are not applicable to quadrupeds. Cranial 
and caudal apply to the limbs proximal to tne antcbrach- 
tocarpal (radiocarpal) joint and the rarsocrural iribiotar- 
sal) joint. Disral to these joints, dorsal and palmar (on 
the forelimb) or dorsal and plantar (on the hindlimb) arc 


the correct terms. The adjective, solar, is used to desig¬ 
nate structures on the palmar (plantar) surface of the 
distal phalanx and the ground surface of the hoof. 

THORACIC LIMB 
Digit and Fetlock 

The foot and pastern make up the equine digit, a re¬ 
gion including the distal (third), middle (second), and 
proximal (first) phalanges and associated structures (Fig. 
1.2). The fetlock consists of the metacarpophalangeal 
(fetlock) joint and the structures surrounding it. Since 
the digits and fetlocks of the thoracic limb and the pelvic 
limb are similar in most respects, consider the following 
descriptions to pertain to both limbs unless otherwise 
indicated. Where the term, palmar, is used the term, 
plantar, is implied. Such terms as metacarpophalangeal 
and metatarsophalangeal are obvious counterparts. 

Foot 

The foot consists of the epidermal hoof and all it en¬ 
closes: the connective tissue corium (dermis), digital 
cushion, distal phalanx (coffin bone, since it is enclosed 
as in a coffin), most of the cartilages of the distal pha¬ 
lanx, distal interphalangeal (coffin) joint, distal extrem¬ 
ity of the middle phalanx (short pastern bone), distal 
sesamoid (navicular) bone, bursa podorrochlcaris (na¬ 
vicular bursa), several ligaments, tendons of insertion 
of the common digital extensor and deep digital flexor 
muscles, blood vessels, and nerves. Skin between the 
heels is also part of the foot. Cartilages of the distal pha¬ 
lanx arc palpable where they project under the skin prox¬ 
imal to the coronet. 

The hoof is continuous with the epidermis at the coro¬ 
net. Here the dermis of the skin is continuous wirh the 
dermis (corium or pododerm) subjacent to the hoof. Re¬ 
gions of the corium correspond to the parrs of the hoof 
under which they are located: perioplic corium, coronary 
corium, laminar (lamellar) corium, corium of the frog 
(cuneate corium), and corium of the sole. 
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Figure 1.1 Positional and directional terms 


Grossly definitive parts of the hoof protect underlying 
structures of the foot and initiate dissipation of concus- 
sivc forces when the hoof strikes the ground. Examina¬ 
tion of the ground surface of the hoof reveals the sole, 
frog, heels, bars, and ground surface of the wall (Fig. 
1.3). The ground surface of the forefoot is normally 
larger than that of the hindfoot, reflecting the shape of 
the distal surface of the enclosed distal phalanx (coffin 
bone). 

The hoof wall extends from the ground proximad to 
the coronary border where the soft w hite horn of the 
pcriople joins the epidermis of the skin at the coronet. 
Regions of the wall are the dorsal toe, the media! and 
lateral quarters, and the rounded heels continuing pal- 
marad from the Quarters (Figs. 1.3 and 1.4). From the 
thick toe the wall becomes progressively thinner and 
more elastic toward the heels, w'hcrc it thickens again at 
the junction of the bars (the “buttress” of the hoof). The 
wall usually curves more widely on the lateral side, and 
the lateral angle is less steep than the medial angle. Ranges 
for the angle of the toe between the dorsal surface of the 
hoof wall and the ground surface of the hoof vary 


widely.*•'* For example, a range of 48 to 60° was mea¬ 
sured on the hooves of the forefeet in a series of common 
riding horses (Wright C, unpublished data, 1983). In the 
ideal digit, the dorsal surface of the hoof wall and the 
dorsal surface of the pastern should lx* parallel, reflecting 
the axial alignment of the subjacent phalanges. In most 
horses, the parallel alignment of dorsal surfaces of the 
foredigit is achieved when the hooves arc trimmed be¬ 
tween 50 and 54°. 1 

The highly vascular and innervated dense collagenous 
connective tissue of the coronary atrium (dermis) ex¬ 
tends elongated, distally directed papillae. Laminar (la¬ 
mellar) corium forms a series of laminae that intcrdtgi- 
tate with epidermal laminae of the stratum internum of 
the hoof wall. Shorter papillae extend from the perioplic, 
solar, and cuneatc (frog) coria. The corium provides sen¬ 
sation, as well as nourishment and attachment for the 
overlying stratified squamous epithelium making up the 
ungual epidermis (Latin, imgula, hoof). 

in the coronary region, the stratum basale of the un¬ 
gual epidermis is a single layer of proliferating columnar 
kcratinocytes lying upon and between long dermal papil- 
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Figure 1.2 Bones of left equine thoracic limb. Lateral view. 
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Figure 1.4 Dissected view ot relationships ol the hoof to underlying regions of the corium (dermis). 


lae. This proliferation forces cells distad into the wide 
stratum medium of the hoof wall, forming tubular and 
intertubular epidermis rhat undergoes cornification.* A 
few layers of polyhedral cells joined by desmosomes 
make up a region corresponding to the stratum spinosum 
of cutaneous epidermis. The rest of the ungual epidermis 
is a stratum corneum of a nucleate, squamous kerarino- 
cytes. The following sequence of events in cornification 
of the hoof walls leads to apoptosis of keratinocytes, 
resulting in the dead but functional cells of the stratum 
comeumr' 

1. In the stratum basaic—early keratin synthesis 

2. In the stratum spinosum—keratin synthesis, inter¬ 
mediate-filament formation, and assembly into 
cytoskeleton by intermedia tc-filament-associatcd 
proteins 

3. In the stratum corneum—keratinocytes made rigid 
by cross-linking cell-envelope proteins; secretion 
of a lipid in which mature keratinocytes are 
embedded 

Fine, proximodistal, parallel lines visible on the 
smooth surface of the wall are caused by the vertical 
orientation of the horn tubules resulting from cornifica¬ 


tion of the ungual epidermis <Fig. 1.5). Differential 
growth rates from the coronary border toward the 
ground account for the smooth ridges parallel to the cor¬ 
onary border. 

Most of the ungual epidermis, the horny stratum cor¬ 
neum, is devoid of nerve endings; it is the “insensitive” 
part of the foot. However, a few sensory nerve endings 
from nerves in the corium penetrate between cells of the 
stratum basaic of the epidermis. In addition to many 
sensor)' nerve endings, the corium contains sympathetic 
motor endings to blood vessels. 

Three layers make up the hoof wall: the stratum ex¬ 
ternum (stratum tcctorium), stratum medium, and stra¬ 
tum internum (stratum lamcllatum) (Fig. 1.5). The su¬ 
perficial stratum externum is a thin layer of horn 
extending distad from the pcriople a variable distance 
that decreases with age. The bulk of the wall is a stratum 
medium consisting of hum tubules and intertubular 
horn. Horn tubules are generated by the stratum basaic 
of the coronary epidermis covering the long papillae of 
the coronary corium.~ Intertubular horn is formed in 
between the projections. The relationship of the coro¬ 
nary papillae to the epidermis can be clarified by examin¬ 
ing the coronary groove of the hoof into which the coro- 
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Figure 1.5 Three-dimensional dissection ol coronary region ot the hoot wall. 


nary corium fits. Fine pits that accommodate the papillae 
can be seen in the coronary- groove. 

Distal to the coronary groove, some 600 primary epi¬ 
dermal laminae (lamellae) of the stratum internum inter¬ 
leave with the primary dermal laminae of the laminar 
(lamellar) corium (Figs. 1.4 and 1.5). Approximately 100 
microscopic secondary laminae branch at an angle from 
each primary lamina, further binding the hoof and co¬ 


rium together (Fig. 1.6). Some confusion exists concern¬ 
ing the terms “insensitive’* and “sensitive” laminae. In 
the strictest sense, the keratinized parts of the primary- 
epidermal laminae are insensitive; the stratum basalc, 
which includes all of the secondary epidermal laminae, 
and the laminar corium are “sensitive.” The terms epi¬ 
dermal and dermal (or corial) are far more accurate ad¬ 
jectives. 4 " 
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Figure 1.6 Photomicrograph of a field from a cross section of 
an equine fetal hoof ( x 40). Interdigitations of primary epidermal 
laminae (e) and dermal (corial) laminae (d) can be seen. Notice 
the small secondary laminae. 


A relationship similar to that between the coronary 
epidermis and coronary corium exists between the peri- 
oplic epidermis and the perioplic corium at the coronary 
border. Softer* white horn immediately distal to the cuta¬ 
neous epidermis constitutes the periople, an encircling 
band that expands to form the covering of the bulbs of 
the heels. 

While the medial side of the hoof has a slightly steeper 
angle than the lateral side, the hoof wall should be as 
symmetrical as possible from side to side and from coro¬ 
net to solar border. Not all otherwise normal hooves 
have the desired svmmetrv. In the normally worn wall 

f / 

of an unshod hoof, the toe is worn down dor sally. The 
concave sole should be thick enough to shed excess horn. 
The frog should he prominent and should clear the 
ground by approximately 12 mm. 1 ’ 

Growth of the hoof wall is primarily from the basal 
layer of the coronary epidermis toward the ground. 
Whereas most of the laminar epidermis nominally kera¬ 
tinizes minimally, primary laminae keratinize as the mass 
moves Jistad. Trauma or inflammation of the region 
will stimulate greater keratinization, i.c., production of 
horn. The laminar epidermis over terminal projections 
of the laminar corium keratinizes more heavily, forming 


pigmented horn and filling the spaces between the distal 
ends of the epidermal laminae. Ultrastriictural studies 
indicate that progressive keratinization does not occur 
in cells of secondary epidermal laminae of the stratum 
internum and that, during growth of the hoof, primary 
epidermal laminae move past the secondary epidermal 
laminae by breaking desmosomes between the two cell 
populations, 2 ** Submicroscopic, peglike dermal projec¬ 
tions increase the surface of attachment of the dermis 
(corium) and epidermis of the hoof. 4 This configuration 
and the blending of the laminar corium with the perios¬ 
teum of the distal phalanx suspend and support the bone, 
aiding in the dissipation of concussion and the movement 
of blood. 

The growth of the wall progresses at the rate of ap¬ 
proximately 6 mm per month, taking from 9 to 12 
months for the toe to grow out. The wall grows more 
slowly in a cold environment. Growth is also slower in 
a dry environment, when adequate moisture is not pres¬ 
ent in the wall. The hoof wall grows evenly distal to the 
coronary epidermis, so that rhe voungesr portion of the 
wall is at the heel. Since this is the youngest part of the 
wall, it is also the most elastic, aiding in heel expansion 
during concussion. 

Stratum medium may be pigmented or ntmpigmented. 
Contrary to popular belief, pigmented hooves are no 
stronger than non pigmented hooves. There is no differ¬ 
ence in the stress-strain behavior or ultimate strength 
properties of pigmented and nonpigmented equine 
hooves. 26 It has also been demonstrated that pigmenta¬ 
tion has no effect on fracture toughness of hoof keratin. * 
Water content of the hoof significantly affects its me¬ 
chanical properties. In the natural hydration gradient in 
the hoof wall, the moisture content decreases from 
within outward, i.e., deep to superficial. 8 Very dry or 
extremely hydrated hoof wall is more likely to crack than 
normally hydrated hoof wall. A normally hydrated hoof 
is better able to absorb energy, 4 

The slightly concave sole should not bear weight on 
its ground surface except near its junction with the white 
line, but it bears internal weighr transmitted from rhe 
solar surface of the distal phalanx through the solar co¬ 
rium. That portion of the sole at the angle formed by 
the wall and the bars is the angle of the sole. Two crura 
extend from the body of the sole to the angles. In the 
unworn, untrimmed hoof wall, insensitive laminae are 
seen on the internal surface as the wall extends Jistad 
to the plane of the sole (Fig. 1.3). When the wall is 
trimmed, the white line (white zone) of nonpigmented 
horn of the internal wall and pigmented horn over termi¬ 
nal papillae is evident where it blends with the horn of 
the sole. The sensitive corium is immediately internal to 
the white line that serves as a landmark for determining 
the posirion and angle for driving horseshoe nails. 1 ' 

The sole’s horn tubules are oriented vertically, con¬ 
forming to the direction of the papillae of the solar co¬ 
rium. Intertubular horn binds the tubules together. The 
relationship of the solar epithelium to the solar corium 
is responsible for this configuration (Fig. 1.7). Near the 
ground the horn tubules curl, accounting for the self- 
limiting growth of the sole, and cause shedding from the 
superficial part. Approximately one-third of the sole is 
water. 4 ' 
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Figure 1.7 Histologic relationships of periosteum, corium, and 
horn ol the sole. 


The frog (cuneus lingulae) is a wedge-shaped mass 
of keratinized stratified squamous epithelium, rendered 
softer than other parts of the hoof by a 50% water con¬ 
tent. 4 ^ Apocrine glands, spherical masses of tubules in 
the corium of the frog, extend ducts that deliver secre¬ 
tions to the surface of the frog. 4 * The ground surface of 
the frog presents a dorsal apex and central sulcus en¬ 
closed by two crura. The proximally projecting frog stay 
contacts the digital cushion. Paracuneal (collateral) sulci 
separate the crura of the frog from the bars and the sole. 
The palmar aspect of the frog blends into the bulbs of 
the heels. Papillae of the corium of the frog arc slightly 
longer than those of the solar corium. 

The dense, white, fibrous connective tissue of the co¬ 
rium is rich in elastic fibers, highly vascular, and well 


supplied with nerves. The arterial supply is from numer¬ 
ous branches radiating outward from the terminal arch 
in smalt canals extending from the solar (semilunar) 
canal in the distal phalanx, and from the dorsal and pal¬ 
mar branches of the distal phalanx from the digital arter¬ 
ies (Fig. 1.15). 

The coronary and perioplic coria and the stratum ba- 
sale of the coronary and perioplic epidermis constitute 
the coronary band. Deep to the coronary band, the sub¬ 
cutis is modified into the highly elastic coronary cushion. 
The coronary band and cushion form the bulging mass 
that fits into the coronary groove of the hoof. Part of 
the coronary venous plexus is within the coronary cush¬ 
ion. The plexus receives blood from the dorsal venous 
plexus in the laminar corium. 

Where the corium is adjacent to the distal phalanx, 
it blends with the bone’s periosteum, serving (particu¬ 
larly in the laminar region) to connect the hoof to the 
bone. 

The medial and lateral carriages of the distal phalanx 
(ungual cartilages) lie under the corium of the hoof and 
the skin, covered on their abaxial surfaces by the coro¬ 
nary venous plexus. Roughly rhomboid in shape, they 
extend proximad from each palmar process of the bone 
proximal to the coronary border of the hoof where they 
may be palpated. The cartilages are concave on their 
axial surfaces, convex on their abaxial surfaces, and 
thicker distally where they attach to the bone. Toward 
the heels, they curve toward one another. Kach cartilage 
is perforated in its palmar half by several foramina for 
the passage of branches connecting the palmar venous 
plexus with the coronary venous plexus. 

Five ligaments stabilize each cartilage of the distal 
phalanx (Figs. 1.8 and 1.10): 

1. A short, prominent ligament extends from the dorsal 
surface of the middle phalanx to the dorsal part of 
the cartilage. 

2. A poorly defined elastic band extends from the side 
of the proximal phalanx to the proximal border of 
the cartilage, and also detaches a branch to the digi¬ 
tal cushion. 

3. Several short fibers attach the distal part of the carti¬ 
lage to the disra) phalanx. 

4. A ligament extends from the dorsal aspect of the 
cartilage ro the termination of the tendon of inser¬ 
tion of the common digital extensor muscle. The 
dorsal part of each cartilage also serves as part of 
the distal attachment for the respective collateral lig¬ 
ament of the coffin joint. 

5. An extension of the collateral sesamoidean ligament 
attaches the end of the navicular bone to the carti¬ 
lage of the disra I phalanx. 

The ungual cartilages (cartilages of the distal phalanx) 
are hyaline cartilage in young horses and fibrocartilagc 
in middle-aged animals. In older horses, the cartilages 
tend to ossify, forming “sidebones.” Examination of 
parasagittal, transverse, and coronal sections of feet from 
different breeds of light horses has revealed the following 
basic structure and variations in the composition of the 
ungual cartilages:* An axial projection extends from 
each ungual cartilage into the substance of the digital 
cushion towards the axis (midline) of the foot. This fi¬ 
brocartilaginous and/or fibrous connective tissue pro- 
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Figure 1.6 Four chondrocontpedal ligaments (1, 2, 3, and 4) stabilizing the cartilage of the distal phalanx. 
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coffin joint 
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jection overlies the keratinized epidermis of the ipsi- 
latcral bar and attaches along the semilunar line of the 
distal phalanx, sending fibrous attachments to the deep 
digital flexor tendon and the distal sesamoid bone. From 
the axial projection, clastic connective tissue, bundles of 
collagenous libers, or both extend toward the axis of the 
foot through the tissues of the digital cushion to fuse 
with fiber bundles from the axial projection of the con¬ 
tralateral ungual cartilage. In forefeet with thicker un¬ 
gual cartilages, axial projections of fibrocartilage inter¬ 
connect at the axis of the foot, tending to form a layer 
distal to the digital cushion. The palmar (plantar) aspect 
of the vertical part of the ungual cartilage is thinner. 
Ungual cartilages are thinner in the hindfect, and axial 
projections do not meet and interconnect in these feet. 
Whereas the thickness of the ungual cartilages and num¬ 
ber of vascular channels within the cartilage vary, proxi- 
modistal orientation of the vessels and venovenous anas¬ 
tomoses are common features. Sensory nerve fibers are 
present in association with the vessels. 

The digital cushion, a highly modified subcutis, fills 
in between the ungual cartilages. Histologic composition 
of the digital cushion varies widely among individual 
horses and different breeds. In feet with thin ungual carti¬ 
lages, the digital cushion consists mainly of adipose and 
elastic connective tissues; in feet with thicker ungual car¬ 
tilages, it consists predominantly of fibrous connective 
tissue and islands of fibrocartilage or hyaline cartilage 
with minimal elastic connective tissue and adipose tissue. 


Digital cushions in forefeet contain more fibrous connec¬ 
tive tissue and cartilage than digital cushions in hind- 
feet.'* Only a few blood vessels ramify in the digital cush¬ 
ion. Superficially, it contacts the corium of the frog and 
thus encloses the frog stay (Fig. 1.9). Dorsoproximally 
the digital cushion connects with the distal digital anular 
ligament. The apex of the wedge-shaped digital cushion 
is attached to the deep digital flexor tendon as the latter 
expands to its insertion on the semilunar line on the solar 
surface of the distal phalanx. The base of the digital cush¬ 
ion bulges into the bulbs of the heels, which are separated 
superficially by a central shallow groove. The structure 
and relationships of the digital cushion indicate its anti- 
concussive function. 

As the deep digital flexor tendon courses to its inser¬ 
tion on the distal phalanx, it is hound down by the distal 
digital anular ligament, a sheet of deep fascia supporting 
the terminal part of the tendon and sweeping proximad 
to attach on each side of the proximal phalanx (Fig. 
1.13). The tendon passes over the complementary fibro- 
cartilagc (middle scutum), a fibrocartilaginous plate ex¬ 
tending from the proximal extremity of the palmar sur¬ 
face ot the middle phalanx. Then the tendon gives off 
two secondary attachments to the distal aspect of the 
palmar surface of the hone (Fig. 1.10). Continuing distad 
toward its primary attachment on the flexor surface of 
the distal phalanx, the deep digital flexor tendon passes 
over the navicular bursa (bursa podotrochlearis manus) 
interposed between the tendon and the fibrocartiiagi- 
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Figure 1.9 Parasagittal section of equine Mock and digit, showing intersection of distal sasamoideen impar 

ligament and deep digital flexor tendon (arrow). 


nous distal scutum covering the flexor surface of the na¬ 
vicular bone. Here the tendon is cushioned as its direc¬ 
tion is changed. From the exterior, the location of rhe 
navicular bursa may be approximated deep to the middle 
third of the frog on a plane parallel to the coronet over 
the quarters of the hoof wall. 

The proximal border of the boat-shaped navicular 
bone (distal sesamoid bone) presents a groove containing 
foramina for the passage of small vessels and nerves. The 
distal border of the hone has a small, elongated facet 
that articulates with the distal phalanx. Several variously 
enlarged, foramina-containing cones lie in an elongated 
depression palmar to the facet (Fig. 1.11). Two concave 
areas on the main articular surface of rhe navicular bone 
contact the distal articular surface of the middle phalanx. 
The navicular bone is supported in this position by three 
ligaments making up the navicular suspensory appara¬ 
tus. A collateral sesanioidcan (suspensory navicular) lig¬ 
ament arises from the distal end of the proximal phalanx 
on each side between and partially blending with the 


lateral palmar ligament of the pastern joint and the ex¬ 
tensor branch of the suspensory ligament (Figs. 1.10 and 
1.13). The two collateral scsamoidcan ligaments sweep 
obliquely disrad, each ligament crossing the pastern 
joint, attaching in a groove on the side of the middle 
phalanx, and then giving off a branch that joins the end 
of the navicular hone to the cartilage of the distal pha¬ 
lanx and the angle of the bone. Each collateral scsa¬ 
moidcan ligament terminates by attaching to the proxi¬ 
mal border of the navicular hone and joining with the 
contralateral ligament. Distally, the navicular bone is 
stabilized by the distal sesanioidcan impar ligament, a 
fibrous sheet extending from the distal border of the 
bone to intersect with the deep digital flexor tendon just 
before the tendon inserts on the flexor surface of the 
distal phalanx (Fig. 1.9). 8 

The distal articular surface of the middle phalanx, 
the articular surface of the distal phalanx, and the two 
articular surfaces of the navicular bone form the coffin 
joint, a ginglymus of limited action. Short collateral liga- 
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Figure 1.10 Attachments of deep digital flexor 
tendon (DDFT) and collateral sesamoidean 
ligaments (CSL). Semidiagrammatic illustration 
based on personal communication with Or. R M. 
BowHer, Michigan State University, (t) 

Attachment of CSL to proximal phalanx; (2) 
attachment of CSL to middle phalanx; (3) abaxial 
outpocketings of palmar pouch of the synovial 
cavity of the distal mterphalangeat joint; (4) 
attachment of CSL to cartilage of the distal 
phalanx; (5) attachment of medial and lateral 
CSLs to navicular bone 



Figure 1.11 Distal sesamoid (navicular) bone. A Proximal 
view. B. Distal view (t) foramina; <2) fossae. 


ments arise from the distal end of the middle phalanx, 
pass distad deep to the cartilages of the distal phalanx, 
and terminate on either side of the extensor process and 
the dorsal part of each cartilage. 

Examination of sagittal, parasagittal, and coronal sec¬ 
tions of distal intcrphalangeal joints injected with poly¬ 
mer plastic has provided the following description of the 
joint's synovial membrane.* A dorsal pouch extends 
proximad on the dorsal surface of the middle phalanx 
under the common digital extensor tendon to a level near 
the pastern joint. The palmar extent of the synovial mem¬ 


brane is divided into a complex proximal palmar pouch 
and a distal palmar pouch. On each side, the proximal 
palmar pouch forms crania) and caudal abaxial compart¬ 
ments that wrap around the respective dorsal and palmar 
surfaces of the distal end of each collateral sesamoidean 
ligament (Figs. 1.10 and 1.12). Proximally, the cranial 
compartment protrudes between and around the two 
secondary branches of the deep digital flexor tendon. 
The cranial compartment is continuous with the caudal 
compartment around the proximal surface of the collat¬ 
eral sesamoidean ligament. A narrow sheet from the cra¬ 
nial compartment extends along the palmar surface of 
the middle phalanx. The caudal compartment is adjacent 
to a neurovascular bundle that courses toward the distal 
phalanx. The distal palmar pouch forms a thin extension 
between the articulation of the navicular bone and the 
distal phalanx. Distally, this pouch's synovial membrane 
surrounds rhe distal sesamoidean impar ligament on 
each side where the distal intcrphalangeal joint is closely 
associated with the neurovascular bundle that will enter 
the distal phalanx. Although a direct connection between 
the distal interphalangeal joint and the navicular bursa 
is rare,passive diffusion of injected dye and anesthetic 
occurs. 

The tendon of insertion of the common digital exten¬ 
sor muscle terminates on the extensor process of the dis¬ 
tal phalanx, receiving a ligament from each cartilage of 
rhe distal phalanx as it inserts. 


Pastern 

Deep to the skin and superficial fascia on the palmar 
aspect of the pastern, the proximal digital anular liga¬ 
ment adheres to the superficial digital flexor tendon and 
extends to the medial and lateral borders of the proximal 
phalanx (long pastern bone). This fibrous band of deep 
fascia covers the superficial digital flexor as it bifurcates 
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Figure 1.12 Drawings of sections of corrosion casts of polymer 
plastic injected into ttie distal interphalangeal joint. A, Superficial 
parasagittal section. B Deeper parasagittal section. C 
Approximate sagittal section. D. Contralateral superficial 
parasagittal section. (Redrawn from Bowker RM. Under K, Van 
Wiilfen KK. et al. An anatomical study of ttie distal interphalangeal 
joint of the adult horse: ils relationship to the navicular suspensory 
ligaments, sensory nerves and neurovascular bundle. Equine Vet J 
1997;29;126.) 


and aids in binding down the deep digital flexor tendon 
as well. 

Two distinct ligaments of the ergot diverge distodor- 
sad from beneath the horny ergot on the palmar skin of 
the fetlock. Each ligament descends obliquely just under 
the skin superficial to the proximal digital anular liga¬ 
ment, the terminal branch of the superficial digital flexor 
tendon, and the respective digital artery and palmar digi¬ 
tal nerve, finally widening and connecting with the distal 
digital anular ligament. Its dense structure and glistening 
surface distinguish a ligament of the ergot from a digital 
nerve (Fig. 1.19). 

The tendon of insertion of the superficial digital flexor 
muscle terminates by bifurcating into two branches that 
insert on the distal extremity of the proximal phalanx 
and the proximal extremity of the middle phalanx just 
palmar to the collateral ligaments of the proximal inter- 
phalangeal (pastern) joint (Fig. 1.13). The tendon of in¬ 
sertion of the deep digital flexor muscle descends be¬ 
tween the two branches of the superficial digital flexor 
tendon. A digital synovial sheath enfolds both tendons, 
including both branches of the superficial digital flexor 
tendon and continuing around the deep digital flexor 
tendon as far as the T ligament (Fig. 1.9). The latter is 
a fibrous partition attaching to the middle of the palmar 
surface of the middle phalanx. 

Deep ro the digiral flexor tendons three distal sesa- 
moidean ligaments extend distad from the bases of the 
two proximal sesamoid bones. The superficial straight 
sesamoidean ligament attaches distally to the fibrocarti¬ 
laginous plate on the proximal extremity of the palmar 
surface of the middle phalanx; the triangular middle 
(oblique) sesamoidean ligament artaches distally to a 
rough area on the palmar surface of the proximal pha¬ 
lanx; and the pair of deep cruciate ligaments cross, each 
attaching distally to the contralateral eminence on the 
proximal extremity of the proximal phalanx (Fig. 1.13). 

A short sesamoidean ligament extends either latcrad 
or mediad from the dorsal aspect of the base of each 
proximal sesamoid bone to the palmar edge of the articu¬ 
lar surface of the proximal phalanx (Fig. 1.13). 

A ligamentous extensor branch of the suspensory liga¬ 
ment (interosseus medius muscle) passes from the abax- 
ial surface of the respective proximal sesamoid bone dor- 
sodistad obliquely across each side of the proximal 
phalanx to the dorsal surface where each branch joins 
the tendon of insertion of the common digital extensor 
muscle near the distal extremity of the proximal phalanx. 
An elongated bursa under each extensor branch is exten¬ 
sive enough to be considered a synovial sheath. 1 * 

In the dorsal aspect of the pastern, the tendon of the 
common digital extensor muscle inserts partially on the 
middorsal aspect of the proximal extremities of the prox¬ 
imal and middle phalanges on its way to a final insertion 
on the extensor process of the distal phalanx. A bursa 
often occurs under the common digital extensor tendon 
near its union with the extensor branches of the suspen¬ 
sory ligament. The tendon of the lateral digital extensor 
muscle inserts lateral to the partial insertion of the com¬ 
mon digital extensor tendon on the proximal middorsal 
surface of the proximal phalanx, 

The proximal interphalangeal (pastern) joint is 
formed by two convex areas on the distal extremity’ of 
the proximal phalanx and two shallow concave areas 
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Figure 1.19 Dissections of sesamotdean 
ligaments. Dashed lines indicate positions of the 
proximal sesamoid bones embedded in the 
metacarpointersesamotdean ligament. Numbers 
Indicate cut stumps of the palmar anutar ligament 
of the fetlock (1), proximal digital anutar ligament 
(2), superficial digital flexor tendon (3), and deep 
digital flexor tendon (4). 


expanded by a palmar fibrocartilaginous plate (Fig. 
1.13) on the proximal extremity of the middle phalanx. 

Bones of the pastern joint are held together by two 
short collateral ligaments and four palmar ligaments. 
The collateral ligaments joining the distal extremity of 
the proximal phalanx with the proximal extremity of 
the middle phalanx are oriented vertically between the 
eminences on the bones rather than parallel to the axis 
of the digit. A central pair of palmar ligaments extends 
from the triangular rough surface on the proximal pha¬ 
lanx to the palmar margin of the proximal extremity of 
the middle phalanx; medial and lateral palmar ligaments 


pass from the center of the borders of the proximal pha¬ 
lanx to the palmar surface of the proximal extremity of 
the middle phalanx. The central ligaments blend some¬ 
what with the branches of the superficial digital flexor 
tendon and the straight sesamoidean ligament, and they 
may be difficult to discern in their entirety'. 

the joint capsule of the pastern joint blends with the 
deep surface of the common digital extensor tendon dor- 
sally where it is accessible for arthroccntesis (Fig. 1.9). 
It also blends with the collateral ligaments. The palmar 
aspect of the capsule extends slightly proximad against 
the terminal branches of the superficial digital flexor ten- 
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don and the straight sesamoidean ligament, subdividing 
the capsule into medial and lateral pouches that are ac¬ 
cessible for arthrocentesis. 

Fetlock 

The fetlock of the thoracic limb is the expanded region 
around the metacarpophalangeal (fetlock! joint. On the 
palmar aspect of the fetlock, the horny ergot is a promi¬ 
nent cutaneous feature. Its dermal base gives origin to 
the two distally diverging ligaments of the ergot. 

Deep to the skin and superficial fascia, the superficial 
transverse metacarpal ligament (palmar anular ligament 
of the fetlock) hinds the digital flexor tendons and their 
enclosing digital synovial sheath in the sesamoid groove. 
The palmar anular ligament fuses lightly with the super¬ 
ficial digital flexor tendon and blends on the palmar bor¬ 
der of each proximal sesamoid bone with the attachment 
of the collateral ligament of the proximal sesamoid bone. 
Distally, the palmar of the fetlock blends with the proxi¬ 
mal digital anular ligament. 

The sesamoid groove is formed by the fibrocarrilage 
of the metacarpointersesamoidean ligament covering the 
flexor surfaces of the proximal sesamoid bones. The 
groove contains the digital flexor tendons. Immediately 
proximal to the canal formed by the palmar anular liga¬ 
ment of the fetlock and the sesamoid groove, the deep 
digital flexor tendon penetrates through a circular open¬ 
ing in the superficial digital flexor tendon, the nianica 
flcxoria. 

The common and lateral digital extensor tendons pass 
over the dorsal aspect of the fetlock joint, where a bursa 
is interposed between each tendon and the underlying 
joint. Small but common subcutaneous bursae may 
occur on the palmar surface of the fetlock joint and on 
the lateral aspect of the joint just proximal to the exten¬ 
sor branch of the suspensory ligament . u 

The distal extremity of the third metacarpal bone, the 
proximal extremity of the proximal phalanx, the two 
proximal sesamoid bones, and the extensive fibrocarti¬ 
laginous metacarpointersesamoidean ligament in which 
the proximal sesamoids are embedded form the metacar¬ 
pophalangeal (fetlock) joint. A somewhat cylindrical ar¬ 
ticular surface on the third metacarpal bone is divided 
into unequal parts by a sagittal ridge, and rhis surface 
fits into an accommodating depression formed by the 
proximal phalanx, the proximal sesamoid bones, and the 
metacarpointersesamoidean ligament. The latter has a 
proximal groove into w r hich the sagittal ridge on the 
third metacarpal bone fits. 

Collateral ligaments of the fetlock joint extend distad 
from the eminence and depression on each side of the 
third metacarpal bone. The superficial part of each liga¬ 
ment attaches distally to the cage of the articular surface 
of the proximal phalanx; the shorter, stouter, deep part 
of the ligament attaches to the abaxial surface of the 
adjacent proximal sesamoid and the proximal phalanx. 

The palmar part of the fetlock joint capsule is thicker 
and more voluminous than the dorsal part. A continuous 
bursa deep to the digital flexor tendons at the distal ex¬ 
tremity of the third metacarpal bone lies against the 
rhickened capsule, and may communicate with the joint 
cavity. 1 " A palmar recess (pouch) of the fetlock joint 
capsule extends proximad between the third metacarpal 


hone and the suspensory ligament. This pouch is palpa¬ 
ble and even visible when the joint is inflamed, distending 
the palmar recess with synovial fluid. The joint capsule 
is reinforced on each side by the collateral ligaments, 
and dorsally by fascia attaching to the common digital 
extensor tendon. 

Support for the fetlock and stabilization during loco¬ 
motion are rendered by its suspensory apparatus, a part 
of the stay apparatus. The suspensory apparatus of the 
fetlock includes the suspensory ligament (intcrosseus me¬ 
dium muscle) and its extensor branches to the common 
digital extensor tendon and the distal scsamoidcan liga¬ 
ments extending from the bases of the proximal sesa¬ 
moid bones distal to the proximal or middle phalanges. 
The proximal sesamoids embedded in the metacarpo¬ 
intersesamoidean ligament may be thought of as being 
intercalated in rhis ligamenrous continuum. 

Blood Vessels of the Digit and Fetlock 
Arterial Supply 

The arterial supply ro the digit and fetlock of the tho¬ 
racic limb is derived principally from the medial palmar 
artery (common palmar digital artery II), which divides 
in the distal quarter of the metacarpus between the digi¬ 
tal flexor tendons and the suspensory ligament into the 
medial and lateral digital arteries. An anastomotic 
branch from the distal deep palmar arch unites with the 
initial part of the lateral digital artery (palmar branch of 
the median artery) to form the superficial palmar arch. 
Branches from this arch supply the fetlock joint (Fig. 
1.22). Each digital artery becomes superficial on the 
proximal part of the fetlock covered by superficial fascia. 
The artery emerges palmar to its satellite vein between 
the ipsdateral palmar digital nerve and its dorsal branch 
(Figs. 1.19 and 1.20). As each digital artery courses dis¬ 
tad over the swelling of the fetlock, it gives off branches 
to the fetlock joint, digital extensor and flexor tendons, 
digital synovial sheath, ligaments, fascia, and skin. 

At rhe middle of the proximal phalanx, a short artery 
of the proximal phalanx divides immediately into dorsal 
and palmar branches of the proximal phalanx. An arte¬ 
rial circle is formed around the proximal phalanx by 
anastomoses of the dorsal and palmar branches, thus 
providing an arterial supply to rhis bone and adjacent 
structures (Fig, 1.14). The palmar branch extends be¬ 
tween the proximal phalanx and the digital flexor ten¬ 
dons and joins the contralateral vessel between the 
straight and oblique sesamoidean ligaments. The dorsal 
branch anastomoses with the contralateral vessel deep 
to the common digital extensor tendon. 

Near the level of the proximal iiuerphalangeal joint, 
a prominent bulbar artery (artery of the digital cushion) 
arises from each digital artery and descends to bifurcate 
into axial and abaxial branches. The axial branch 
courses to the cuneate corium toward the apex of the 
frog, eventually uniting with the contralateral vessel. The 
abaxial branch sends branches to the digital cushion, 
palmar part of the cuneate corium, laminar corium of 
the heel and bar, and palmar parts of the perioplic and 
coronary coria. Next, a small coronal artery detaches 
from the digital artery or the bulbar artery. Branches 
from the coronal artery supply the heel and perioplic 
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cerium, anastomosing with fine branches from the dor- 
sal artery of the middle phalanx. A lateral trunk from 
the coronal artery that supplies the curium of the heel 
and quarter has been described, 4 ' but in a sequential 
angiographic study there was no evidence of arterial flow 
from the coronary curium distad to the laminar ce¬ 
rium. 10 

The dorsal branch of the middle phalanx is detached 
from each digital artery just below the middle of the 
middle phalanx, and anastomoses with the contralateral 
branch deep to the common digital extensor tendon to 
form a coronary arterial circle (Fig. 1.14). This vascular 
complex supplies branches to the distal inter phalangeal 
joint, common digital extensor tendon, perioplic and 
coronary coria, fascia, and skin. 

The two contralateral palmar branches of the middle 
phalanx arise opposite the dorsal arteries. These vessels 
course inward parallel to the proximal border of the dis¬ 
tal sesamoid bone in association with the palmar surface 
of the middle phalanx, joining to complete an arterial 
circle around the middle phalanx. A collateral arch 
projects dorsad from the conjoined vessels supplemented 
by small branches from the digital arteries. Branches 
from the conjoined palmar branches of the middle pha¬ 
lanx supply an anastomotic proximal navicular plexus 
providing several small arteries to foramina along the 
roximal border of the distal sesamoid bone. 11 '" The 
one receives approximately one-third of its blood sup¬ 
ply from this plexus. 

Within the foot opposite each extremity of the navicu¬ 
lar bone, an artery to the dermal laminae of the heel 
arising from the digital artery has been noted on radio- 
graphic angiograms. 111,1 ‘ At the level of the palmar pro¬ 
cess of the distal phalanx, the digital artery detaches the 
dorsal branch of the distal phalanx and then continues 
distad to the terminal arch (Fig. 1,14). Before passing 
through rhe notch or foramen in the palmar process, the 
dorsal branch of the distal phalanx gives off a small ar¬ 
tery supplying branches to the digital cushion and cu¬ 
rium of the frog. Following passage through the notch 
or foramen in the palmar process, the dorsal branch of 
the distal phalanx bifurcates on the dorsal surface of the 
distal phalanx. One branch supplies the laminar curium 
of the heels and quarters. The other courses dorsad in 
the parietal sulcus of the distal phalanx to supply the 
laminar curium of the toe, eventually branching to join 
the palmar part of the marginal artery of the sole and 
branches of the coronal artery. The termination of the 
dorsal branch of the distal phalanx joins with a vessel 
coming through the distal phalanx from the terminal 
arch in rhe solar canal. 

Immediately distal to each extremity of the distal sesa¬ 
moid bone, the ipsilateral digital artery gives off one to 
three small arteries that supply a total of three to six 
branches entering the distal border of the bone adjacent 
to the extremity (Fig. 1.14). The lateral and medial digi¬ 
tal arteries follow the solar grooves in the distal phalanx. 
Each artery detaches branches to the distal navicular 
plexus in the distal sesamoidean impar ligament. Six to 
nine distal navicular arteries from the plexus enter the 
distal sesamoid bone through the distal border, anasto¬ 
mosing to form cones in the osseous foramina. Arterioles 
radiating from the cones supply the distal two-thirds of 
the distal sesamoid bone. 


Microscopic examination of sections from the distal 
part of the distal sesamoidean impar ligament reveal 
loose, collagenous connective tissue septa containing 
vascular channels and neural networks penetrating be¬ 
tween dense, collagenous connective tissue bundles. Ar¬ 
teriovenous complexes are observed within the intersec¬ 
tion of the distal sesamoidean impar ligament and the 
deep digital flexor tendon. This vascular arrangement 
does not occur within the deep digital flexor tendon at 
the level of the distal scutum on the distal sesamoid 
bone.** 

Each digital artery enters a solar foramen and anasto¬ 
moses with the contralateral artery to form the terminal 
arch within the solar (semilunar) canal of the distal pha¬ 
lanx (Figs. 1.14 and 1.15), Branches from the terminal 
arch course through rhe hone, four or five of them emerg¬ 
ing through middorsal foramina on the parietal surface 
to supply the proximal part of the laminar corium; eight 
to ten vessels emerge through foramina near the solar 
border of the bone and anastomose to form the promi¬ 
nent marginal artery of the sole. The larter vessel supplies 
the solar and cuncatc coria. 

The arterial network of the corium has been divided 
arbitrarily into three regions with independent blood 
supplies: 

1. Dorsal coronary corium 

2. Palmar part of the coronary corium and laminar co¬ 
rium 

3. Dorsal laminar corium and solar corium 1S 

Other regions are supplied by several arteries. Sequen¬ 
tial angiographic studies indicate that blood flow within 
dermal laminae is from distal to proximal. 10 

Branches of the digital arteries in the hindfoot arc 
essentially the same as in the forefoot cxccpr for the 
blood supply to the distal sesamoid bone. In 50% of 
hindfeet examined in a definitive study, the collateral 
arch from the plantar branches of the middle phalanx 
supplied the primary arteries to the proximal navicular 
network. 22 

Dot mai Microcirculation of the Foot 

A scanning electron microscopic study revealed the 
following vascular patterns in the dermal microcircula¬ 
tion of trie foot, with emphasis on the distribution of 
arteriovenous anastomoses (Fig. 1.I6). 1 ' Axial arteries 
branching from parietal arteries enter dermal laminae 
between pairs of axial veins. Interconnecting branches 
join adjacent axial arteries and proximodistalfy oriented 
abaxial arteries. Anastomosing laminar veins drain the 
capillary network. In addition, numerous arteriovenous 
anastomoses occur in the laminar circulation (Fig. 1.17), 
with the largest and longesr located near the origins of 
axial arteries. Dermal papillae of the periople, coronary 
hand, distal laminae, frog, and sole each contain a cen¬ 
tral artery and vein ensheathed by a network of fine cap¬ 
illaries. Arteriovenous anastomoses occur at the base of 
each dermal papilla and between the central artery and 
vein. 

Two functions have been suggested for these arterio¬ 
venous anastomoses. u The large number of arteriove¬ 
nous anastomoses in dermal laminae may prevent cold- 
induced tissue damage by their periodic vasodilation. 
This would permit warm blood to bypass the capillary 
bed and enter the digits quickly to maintain temperatures 
above the freezing point. Another proposed function 
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Figure 1.14 Arterial supply to digit of the torelimb with emphasis on branches supplying the distal sesamoid 

bone and distal phalanx 
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Figure 1.15 Angiograms of the foot following intra-arterial injection of radio-opaque medium into the medial 

palmar artery. 


considers arteriovenous anastomoses safety valves that 
help offset the large pressure changes that occur within 
the hoof capsule during galloping and jumping. The pos¬ 
sible role of arteriovenous anastomoses in the patho¬ 
physiology of laminitis is discussed in Chapter 8. 

Venous Drainage of the Foot 

Venous drainage from the laminar corium begins with 
parietal veins from the laminar circulation continuing 
into the parietal venous plexus and, proximally, into the 
coronary venous plexus. Central veins from dermal pa¬ 
pillae in the perioplic and coronary coria drain toward 
the coronary venous plexus; central veins from dermal 
papillae in the solar and cuneate coria drain into the 
palmar venous plexus. 

The following description is abstracted from a study 
of the extrinsic and intrinsic veins of the equine hoof 
wall. 30 Some terminology has been changed (Fig. 1.18). 

Two parallel veins in the solar canal of the distal pha¬ 
lanx drain a deep venous network. As the parallel veins 
emerge from each solar foramen, the vein abaxial to the 
digital artery receives small satellite veins to the arterial 
branches supplying the proximal and distal navicular 
plexuses. The parallel veins come together at the level 
of the distal sesamoid bone to form the contralateral 
terminal veins. Each terminal vein joins with branches 
of an inner venous plexus to form a digital vein. The 
digital vein receives the follow ing veins: an anastomosis 
with the contralareral digital vein that, in turn, receives 
branches from the distal sesamoid bone; the coronary 
vein draining the subcoronary vein and the coronary 
lexus; the independent superficial vein; and the large 
uibar vein (palmar foot vein) carrying blood from the 
superficial region of the heel. 

The inner venous plexus receives tributaries from the 
solar venous plexus, the parietal venous plexus, and oc¬ 
casionally from a large branch passing through each car¬ 
tilage of the distal phalanx. Connecting veins from the 
bulbar vein join the inner venous plexus, paracunea! 
vein, and veins from the deep heel region. 


The coronary venous plexus consists of a superficial 
plexus of short collecting veins of large caliber in the 
coronary and perioplic coria, and a deeper plexus of long 
collecting veins coming from the proximal laminar co¬ 
rium. The coronary venous plexus drains mainly into the 
conjoined coronary veins and their branches, the subcor¬ 
onary veins, and palmarly into the independent superfi¬ 
cial vein and bulbar vein. 

The palmar venous plexus consists of a bilevel solar 
venous plexus and a cuneate venous plexus. The exten¬ 
sive solar venous plexus is drained through several po¬ 
tential routes: the marginal vein of the sole, branches of 
the bulbar vein, the paracuneal vein, and the inner ve¬ 
nous plexus. Anastomosing veins connecting the palmar 
and coronary plexuses pass through foramina in each 
cartilage of the distal phalanx. 4 " 

The greater part of blood in the foot is drained by 
veins located in the palmar aspect of the foot. Whereas 
most of the veins of the foot are valveless, valves are 
present in the tributaries of the coronary and subcoro¬ 
nary veins and in the bulbar veins and their branches. 
Thus, the flow' of blood may take different routes with 
the weight-bearing force essential to irs proximal flow. 

Nerves of the Digit and Fetlock 

As they descend to the proximal swelling of the fet¬ 
lock, the medial and lateral palmar nerves supply small 
branches to the fetlock and the flexor tendons, then con¬ 
tinue as the medial and lateral palmar digital nerves. 
Each immediately gives off a dorsal branch (Figs. 1.19 
and 1.20). The corresponding digital artery emerges be¬ 
tween rhe dorsal branch and the palmar continuation of 
the nerve. The dorsal branch courses distad between the 
digital vein and artery. Midway down the pastern the 
nerve branches, the main part continuing dorsad superfi¬ 
cial to the palmar digital vein. In approximately one- 
third of the cases, an intermediate branch arises from 
rhe dorsal aspect of the palmar digital nerve/ 1 The dor¬ 
sal and intermediate branches supply sensory and vaso- 
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Figure 1.16 Schematic diagrams of the microcirculation ot (A) electron microscopical study of the dermal microcirculation of the 

digital dermal laminae and (B) digital dermal papillae. (Reprinted equine foot. Equine Vet J 1990:22:79, t 

with permission from Pollrtt CC, Molyneux GS A scanning 
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Figure 1.17 Scanning electron micrograph of a corrosion cast 
of laminar dermal vessels with an arteriovenous anastomosis 
(AVA) between an artery (A) and a vein (V). At the arterial end of 
the AVA mere is a sphincter-like ring (arrow). A venous side arm 
dose to the AVA leads to a venular-capiflary network (C). (bar = 
100 >i). (Reprinted wrth permission from Pollitt CC, Molyneux GS. 
A scanning electron microscopical study of the dermal 
microcirculation of the equine foot. Equine Vet J 1990:22:79.) 


motor innervation to the skin of the fetlock, dorsal part 
of the fetlock joint, dorsal parts of the intcrphalangcal 
joints, coronary curium and dorsal parts of the laminar 
and solar coria, and dorsal part of the cartilage of the 
distal phalanx. 

The main continuation of the palmar digital nerve 
descends palmar and parallel to the ipsilateral digital ar¬ 
tery. The nerve and artery lie deep to the ligament of the 
ergot as it descends obliquely across the lateral aspect of 
the pastern. The ligament then passes deep to the digital 
vein to spread out toward its attachment on the distal 
digital anular ligament. A branch may arise from the 
lateral palmar nerve and perforate the lateral ligament 
of the ergot (Fig. 1.20). 

The palmar continuations of the palmar digital nerves 
supply the fetlock joint capsule and then descend to sup¬ 
ply the palmar structures of the digit; skin, pastern joint 
capsule, digital synovial sheath and flexor tendons, distal 
sesamoidean ligaments, coffin joint capsule, navicular 
bone and its ligaments, navicular bursa, palmar part of 
the cartilage of the distal phalanx, part of the laminar 
corium, coria of the sole and frog, and the digital 
cushion. 

A fine terminal branch of each palmar nerve and an 
accompanying small artery constitute a neurovascular 
bundle that descends adjacent to the synovial membrane 
of the distal interphalangeal joint to enter the distal pha¬ 
lanx. 6 

Further cutaneous innervation of the fetlock is sup¬ 
plied by terminal branches of the medial cutaneous ante¬ 
brachial nerve dorsomcdtally and the dorsal branch of 
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Figure 1.18 Venous drainage of the equine foot, A. Mostly 
deep veins B, Major veins of the laminar corium C. Palmar 
venous plexus D. Valves in the superficial veins Circles - valve 


locations. Arrowheads = direction of btood flow. (Redrawn from 
Mishra PC, Leach DH. Extrinsic and intrinsic veins of the equine 
hoof wall. J Anat 1993:136:543.) 
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the ulnar nerve donclatnillv After supplying branches 
to I hr let lock joint capsule, [lie nswlM and j*ptra]; ■ a Imar 
i]H,'C jlji rpiLl iil-t vex L r merge Linmedla.I r]y distal tn [Ilc distal 

extremity of [be ire-spectiive small metacarpal bone, and 
(unify iii dHsupeindil fascia of itopixten]. Ii has been 
reported that, in same instances, a mimnal branch tom 
[be medial p.i lunar metacarpal nerve descends rt» [he oni¬ 
on try bond 4T« r WhiL ri^r liddx nivtonp, 

ihene s no communkatwm between the palmar metavjr 
pal aav» and the doml branches of the palmar digital 
items. 4 ® An occasional variant a palmaily directed 
brand! (ton 01 # need id julirijr I^-L- in rite distal inrta- 
csrjwts, courses pjinud to the tBtsdsI prlinai 
nerve, nsichiii® ndifid cushion (fig. 1.14). Another 
variant branch winy nrixi fnun the HMil palmar nerve 
in the proximal mctflcarpui, cross over rht feih vk, and 
extend obliquely to the coronary band (fig. 1.20-. 

EletrrophysioI«gk sAndhscndum that stimuli on the 
mediaI Halt pf iIil- digir and fcrlqek of a linelimb arc 

media ted by the median dttvttttHrali on melawral half 
are mediated by the median and ulnar nerves. 1 

A h hmj^ti direct eommuuiewiiKni between the distal in- 
[crphalangje-.il |o m .md the navicular bursa is rare, irdi 
feet communication v ia diffusion of moLeciih’s, has been 
demonstrated. 7 Dye injected experfamencaUy into (be dis¬ 
tal intophalangail joint diffused into die navicular bursa 
also stehicd elu: synovial Lowerings of the collateral 
itsamoiifcan ligaments and die distal seta moidcan impar 
ligament and medullary cavity of the ruviLuljr tone. 

Pepcidr immii on ■■ i.:l linn .:r-. setud sllver%eL* axonal 

impregnation have identified scclbcht, 1 nerves superficially 
chi rhe dorsal and pjlni.tr parts of the collateral xexa- 
moidean ligaments. The distal xrxjmtiuton impar lign¬ 
in ms e, and in periartkttlat counter totissues, n In consid¬ 
eration of these Dtunvidnu, it is suggested (hot an 
im:\ liOil of anetthedc into ihf distal inteiplialangeal 
joint dtascfisirirra rart only joint surfaces but also m.ich 
of (he navicular suspensory appmiliiip navicular bate, 
uni. proximal in im medullary puttimix of the distal pha¬ 
lanx. 

Pttdfltan corjpywlm an- present within the coriuni of 
rhe frog, and coronet. 2S They also occur in the bulb* nf 
the beds and along each ncnnmaurlar bundle descend* 
inp ii. the looseetmticcdvt* (issue across the in terphal .1 n- 
ral (mots and «n. M die dbttl phaltm *.* The Ij tear mi is of 
eIil'sl iritehnnorecepiors may be significant in mediating 
proprioception tom (be nipt when ii is in nunun and 
as it impacts the ground. 

Funcuiwis of tfw Digit wd Fathx* 

In die stjiiditij; poddon, essentially in. extension, the 
frill kU and .1 1 :;■ i -ir:- supported by (he suspatsoffy appa¬ 
ratus of rhe fetlock limcmsscu* musde, uttenteauniui- 
dean liyyimem, and dLstal ses.immdean ligaments)., the 
digital flexor Jind cxierihor tendons, andi the soUsteral 
ligaments of the joints. Th* foreltobs support more 
wight (W to 65% of the total) than the hiudlimhx, 
awing to the body’s center of KfnvLty being jt j tons 
where a dorsal plane thniup.fi the shoulder joint, a traox- 
rent plane through rto fifceeiirh thoracic vertebra,, and 
the median plane intersect/ a On the ford imlb rise doru I 
articular angle of the* fetlock is about 14D 1 . The angle of 
tlw toe varies widely—■from to 60° W Jeties of 


measurements ■ Wright t. „ unpublished dftta. l9Sd). Me¬ 
dially and laceraliy tba angle increases toward rhe heels, 
with 4 slightly steeper angle on the libcdial side. The 
slopes of the pjsrern ,i nd frmt are ideally b parallel, align- 
ment. 1 This pastern-foot axis is usually the same as the 
slope nf the shoulder. 

The Icuomotnr fuixtions of the digit ard fethjck n* 
eludefbe tlexioi) essential to niovemcut, extension when 
the foot is off the gnikind, the diminution of OOfWOMim 
when the hoof coRiacts rbe ground, and rhe recovery 
tom exfnision.. 

During flexiun of the fetlodc and ehpt, most of the 
norantm is in rbe fedbcki the least vmvm nf move¬ 
ment is in the pastern joint; and movemcm in the coffin 
jeans is Liii'TiiiLdiait. Altl.i-i.gh ihe pastern pHut n a pn- 

r.lv i"iiv. providing oiilj limilrd i1ex.Hm arid c\1l li'.mri, 
xunipulotion can cause rrairsverse fbdM arid Home 
axial rotation when the joint is flexed, 

CantHftKH of the common and literal digital rxten- 
»r rmoflea hfiisgs the hones and joinm nf the digit into 
aligniwnt just IvefafO the huof tetikeo rti* ground. 

When rhe unshod hoof cootucts the ground, rhe heels 
'ilriki; felt, f1 1 M 1 1-s.vt'cl 1ft NinjUtnue! If [he kCluiiiJ surf*®; 
of the quarters and roc. After the heels strike the ground, 
there ix 4 drLR) in foecip that iil'iv he arrribured to the heel 
strike being fottowed by the ^uaciers and thera thr iot. ,N 
Fvpnruon of the heels Ls E'adlLtated by the elasticity of 
the hoof wall, which becomes thinner from toe to Heelx. 
Miast of the impact Ls sustained by rhe boot walk and 
LompreviiLKil (if die wall Creates ttfltoffl on the inrerlix'k- 
tmg epadermal and derm, 1 1 I m-iiw nnd, hflXt, TO cfw 
perioxt^uHi of the distal phalanx. Axial compressive 
Force it mimmiiml tlimmli the phalanges. The contrive 

sole duel nor support Btuwdt fort* and it ix ileprexxcd 
slightly by rhe presxure of the dixtal phalanx, eMiiRS 
expansian of the qujners. "I he position of the bars multi- 
(Btorv expansion of ik aole. IkKetit of rhe cofin joint 
ivuirxax thf itavicular lirnu gives in a dintopal liar Jitec- 
rion, stretching its colljrerll i isuspen»cyi and distal «»*- 
it raid run impat ligamcnti and pushing against the navic¬ 
ular bursa and tendon of the deep digital flexor fttiude, 
F-tircrv aeti iiH «« the distil I phalamr ate indicated in Fig¬ 
ure 1.11,. Magnitude and dieecmni of rhe forces may 
change wnh limh psixiticn md Inadiilg xtaEe. CisillCUS- 
sion is further il wipatcd by pressure from the Frog being 
Transmitted TO the difiial cushion and the owlieges of 
the distal phalanx. 

Literal expauvicn nf [he hoof and, cartilages of rhe 
distal phalanx compresses the venous pltrxuxr* of 
ihir hum, forcing, bbtid proximad into the digital veins. 
The hydra olie mock absorpoQin by the blood with in the 
,iuionentx the tliroci cushioning by the tic® and 
digital cushion add the resiliency of the hoerf wall. 

During, omcusikni. the lour palmar ligamenra of the 
puxEeni in lini, the straight sesamoidean ligament, add (he 
teiHlon of the deep d^tfd fletor muscle provide rhe ten - 
sion DecesBBEy td prevfutHjverexiensicwi Ilf the joint. Ten- 
■kiare of (he cuntaaefcing superficial digital flex»r rrnixdv 
tightens agninxt sis rundtui’s imcftkuis or the dLstal -.nd 
uTthc proximal phala nx and pn^ximal end of the middle 
phalanx, preventing the pastern joint tom bwklhfy 

The suspensory jippattatm of the fetlock and the J gi 
tjl flexor tendons ensure that overextenskm tsf the (er- 
[ock joint, i.e., dtotttiig the doraal areieulai angle, is 
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Figure 1.21 A. Diagram of forces acting on the distal phalanx. 
(1) Forces from laminae of wall; (2) tensile force from deep digital 
flexor tendon; (3) compressive force from middle phalanx; (4) 
compressive force from sole; (5) tensile forces from extensor 
branches of suspensory ligament joining the common (or long) 
digital extensor tendon. B. Positional changes in the middle 
phalanx (MP), distal phalanx (DP), distal sesamoid bone (DS), and 
hoof wall resulting from weight bearing. X - axis about which the 
distal phalanx rotates; arrow indicates direction of rotation. Dotted 
line ■ before loading; solid line • after loading. (Redrawn from 
Leach D. Biomechanical considerations in raising and lowering the 
heel. Proc Am Assoc Equine Pract 1963;33.) 


minimal when the hoof strikes the ground. Yet at the 
gallop, when all of the horse’s weight is on one forelimb 
momentarily, the palmar aspect of the fetlock comes very 
close to the ground. During this descent of the fetlock, 
the coffin joint is flexed by the deep digital flexor tendon. 

Metacarpus 

The equine metacarpus consists of the large third 
metacarpal (cannon) bone and the second (medial) and 
fourth (lateral) small metacarpal bones (splint bones) 
and the structures associated with them. The three-sided 
shaft of each small metacarpal hone is united (splinted, 


if you will) on the rough side by an interosseous ligament 
rn the large metacarpal bone. The cortex under the 
rounded dorsal surfaces of the metacarpal hones is 
thicker than the cortex under their concave palmar sur¬ 
faces. Length and curvature of the shafts and the promi¬ 
nence of the free distal extremities (“buttons”) of the 
small metacarpal bones are variable. The proximal ex- 
rremiries of the metacarpal hones articulate with the dis¬ 
tal row of carpal hones; the second metacarpal articu¬ 
lates with the second and third carpals; the third 
metacarpal articulates with the second, third, and fourth 
carpals; and the fourth metacarpal articulates with the 
fourth carpal hone. 


Dorsal Aspect 

The skin, fascia, and digital extensor tendons on the 
dorsal aspect of the metacarpus receive their blood sup¬ 
ply from small medial and lateral dorsal metacarpal ar¬ 
teries originating from the dorsal carpal rete and de¬ 
scending between the large metacarpal bone and the 
respective medial or lateral metacarpal bone. Innerva¬ 
tion to this region is furnished by the medial cutaneous 
antebrachial nerve (Figs. 1.19 and 1.24) and the dorsal 
branch of the ulnar nerve (Figs. 1.22 and 1.27). Deep to 
the skin the main tendon of the common digital extensor 
muscle inclines proximnlaterad from its central position 
at the fetlock across the dorsal surface of the third meta¬ 
carpal bone. Proximally, the main tendon and the ac¬ 
companying tendon of the radial head of the common 
digital extensor muscle lie lateral to the attachment of 
the tendon of the extensor carpi radial is muscle on the 
prominent metacarpal tuberosity of the third metacarpal 
bone (Fig. 1.24). The tendon of the lateral digital exten¬ 
sor muscle is lateral to the common extensor tendon, 
and the small radial tendon of the latter usually joins the 
lateral digital extensor tendon. Occasionally the radial 
tendon pursues an independent course to the fetlock. A 
strong fibrous band from the accessory carpal hone rein¬ 
forces the lateral digital extensor tendon as it angles dor¬ 
sad in its descent from the lateral aspect of the carpus 
(Fig. 1,27). 

Medial and Lateral Aspects 

From the medial digital vein at the fetlock, the medial 
palmar vein continues proximad in the subcutaneous fas¬ 
cia on the medial aspect of the metacarpus. In the distal 
half of the metacarpus, the vein is related palmarly to 
the medial palmar nerve (Fig, 1,19); in the proximal half, 
the large medial palmar (common digital) artery is pal¬ 
mar to rhe vein (Fig. 1.22). A similar relationship exists 
on the lateral side, except that the very small lateral pal¬ 
mar artery docs not intervene appreciably between the 
satellite vein and nerve. At the middle of the metacarpus, 
the medial palmar nerve detaches a communicating 
branch that angles distolaterad in rhe subcutaneous fas¬ 
cia across the digital flexor tendons to join the lateral 
palmar nerve distal to the middle of the metacarpus. The 
medial palmar nerve does not give off cutaneous 
branches proximal to the communicaring branch. 1 The 
palmar nerves supply the digital flexor tendons and the 
skin over them. The palmar nerves arc related to the 
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Figure 1.22 Caudal view of left carpus and metacarpus; most 
of the digital flexor tendons have been removed. 


dorsal border of the deep digital flexor tendon and to 
the edges of the suspensory ligament. Branches from the 
dorsal branch of the ulnar nerve ramifv in the fascia and 
skin of the lateral aspect of the metacarpus. Branches 
from the medial cutaneous antebrachial nerve supply the 
medial and dorsal skin of the metacarpus, with the large 
dorsal branch reaching the skin over the dorsoincdial 
aspect of the fetlock. 

Palmar Aspect 

The superficial digital flexor tendon is deep to the skin 
and subcutaneous fascia throughout the length of the 
metacarpus, related superficially to the communicating 
nerve branch, Dorsally, it is intimately related to the fas¬ 
cial covering of the deep digital flexor tendon. The latter, 
in turn, lies against the palmar surface of the suspensory 
ligament (M. interosseus medius, middle or third interos¬ 
seous muscle). The carpal synovial sheath extends distad 
to enclose both digital flexor tendons as far as the middle 
of the metacarpus. At this level, the deep digital flexor 
tendon is joined by its accessory ligament (carpal check 
ligament or “inferior" check ligament), the distal contin¬ 
uation of the palmar carpal ligament (Fig. 1.36). Two 
fibrous slips, the medial and lateral lumbricales muscles, 
originate from either side of the deep digital flexor ten¬ 
don and insert under the ergot. The digital synovial 
sheath around the digital flexor tendons extends proxi- 
mad into the distal fourth of the metacarpus (Fig. 1.9). 

The metacarpal groove, formed by the palmar surface 
of the third metacarpal bone and the axial surfaces of 
the second and fourth metacarpal hones, contains the 
suspensory ligament and the diminutive interosseus me¬ 
dial is and lateralis muscles. The suspensory ligament 
arises from the distal row of carpal hones and the proxi¬ 
mal end of the third metacarpal bone (Fig. 1.23). It is 
broad, relatively flat, and shorter than the suspensory 
ligament of the hindlimb. Variable amounts of striated 
muscle fibers within the mainly collagenous suspensory 
ligament are organized into two longitudinal bundles 
within the proximal pan and body of the ligament, i.e., 
interosseus medius muscle. 50 The content of muscle fi¬ 
bers is 40% greater in the suspensory ligament of Stan¬ 
dard bred horses than in Thoroughbred horses. In Stan- 
dardbreds, the content of muscle fibers is significantly 
greater in the suspensory ligament of the hindlimb; in 
Thoroughbreds, the content is slightly greater in the fore- 
limb ligament, but the content diminishes when Thor¬ 
oughbreds are in training. 50 A central depression in the 
dorsal (deep) surface of the proximal part of the ligament 
accommodates a slight elevation of the palmar surface 
of the third metacarpal bone, the thicker edges of the 
ligament giving the appearance of a bipartite origin. In 
the distal fourth of the metacarpus, the suspensory liga¬ 
ment bifurcates into two divergent extensor branches 
(Fig. 1.22). Each extensor branch crosses the abaxial sur¬ 
face of proximal sesamoid bone and extends across the 
abaxial aspect of the proximal phalanx, where if contacts 
the origin of the ipsilateral collateral sesamoidean liga¬ 
ment. It continues on to join the tendon of the common 
digital extensor muscle on the dorsal surface of the prox¬ 
imal phalanx (Fig. 1.13). Two small interossei muscles 
originate on the respective small metacarpal bones with 
fine, strong tendons ending in the fascia of the fetlock. 
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Figure 1.23 Deep dissection of caudal aspects of left carpus 
and metacarpus with the medial palmar artery removed. 


Medial and lateral palmar metacarpal nerves and sat¬ 
ellite vessels lie in the grooves formed by the third meta¬ 
carpal bone with the respective small metacarpal hones 
(Fig. 1.23). The two nerves originate from the deep 
branch of the lateral palmar nerve which supplies 


branches to the intcrosscus muscles, perforates the sus¬ 
pensory ligament, and then divides into the medial and 
lateral palmar metacarpal nerves. After sending branches 
to the fetlock joint capsule, each palmar metacarpal 
nerve emerges distal to the distal extremity (the “but¬ 
ton”) of the respective small metacarpal bone to ramify 
in the fascia and skin of the pastern iFig. 1.19). 

The palmar metacarpal arteries originate from the 
proximal deep palmar arch (subcarpal arch), an anasto¬ 
motic complex formed by the termination of the radial 
artery passing over the intcrosscus medialis muscle to 
join the smaller palmar branch of the median artery (Fig. 
1.22), Part of the arch lies between the accessory liga¬ 
ment of the deep digital flexor tendon and the suspensory 
ligament; a smaller, inconstant transverse branch lies 
deep to the suspensory ligament on the third metacarpal 
bone. Another contribution to this vascular complex 
may be provided by a prominent branch from the medial 
palmar artery, which branches to anastomose with the 
radial artery and the medial palmar metacarpal artery 
(Fig. 1.23). The medial palmar metacarpal artery sup¬ 
plies a nutrient artery to the third metacarpal bone and 
then often detaches a middle palmar metacarpal artery. 
Small branches from the medial and lateral palmar meta¬ 
carpal arteries extend through interosseous spaces to join 
the medial and lateral dorsal metacarpal arteries. In the 
distal fourth of the metacarpus, the medial and lateral 
palmar metacarpal arteries join to form the distal deep 
palmar arch. A branch from this arch to the lateral digital 
artery is termed the superficial palmar arch. 

A single, large, palmar metacarpal vein courses proxi- 
mad to join the venous deep palmar arch. The vascular 
patterns described above arc subject to variations, but 
the variations are of no clinical significance. 

Carpus 

The carpal region includes the carpal bones (radial, 
intermediate, ulnar, and accessory in the proximal row; 
first, second, third, and fourth in the distal row), the 
distal extremity of the radius (and fused ulna), the proxi¬ 
mal extremities of the three metacarpal bones, and the 
structures adjacent to these osseous components. 

Dorsal Aspect 

In the skin on the dorsal aspect of the carpus a vascu¬ 
lar network, the rete carpi dorsale, is formed by branches 
from the cranial intcrosscus, transverse cubital, and ra¬ 
dial arteries. Medial and lateral cutaneous antebrachial 
nerves supply branches to the medial and dorsal aspects 
of the carpus. Tendon sheaths of the extensor carpi radi- 
alis, extensor carpi obliquus (abductor digit! I longusj, 
and the common digital extensor muscles are enclosed 
in fibrous passages through the deep fascia and then 
through the extensor retinaculum. The tendon sheaths of 
the common digital and oblique carpal extensor tendons 
extend from the carpometacarpal articulation proximad 
to a point 6 to 8 cm proximal to the carpus (Fig. 1.24). 

A subtendinous bursa lies between the ensheathed 
tendon of the extensor carpi obliquus muscle and the 
medial collateral ligament of the carpus, facilitating the 
proximal excursion of the tendon during flexion. '' In 
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Figure 1.24 Dorsal view of left carpus. 


most colts younger than two years, the bursa is a separate 
synovial structure; in older horses it communicates with 
the adjacent tendon sheath. A small tendon from the 
radial head of the common digital extensor muscle occu¬ 
pies the same synovial sheath as the main rendon; the 
small tendon may angle palmarad to join the tendon of 
the lateral digital extensor muscle, or it may pursue a 
course between the main extensor tendons to the fetlock. 
The tendon sheath of the extensor carpi radialis muscle 
terminates at the middle of the carpus, and then the ten¬ 
don becomes adherent to the retinaculum as it extends 
to its insertion on the metacarpal tuberosity. 

Deeply the extensor retinaculum serves as the dorsal 
part of the common fibrous joint capsule of the carpal 
joints—the antebrachiocarpal (radiocarpal), midcarpal. 
intercar pa l, and carpometacarpal joints (Figs. 1.25 and 
1.26). The extensor retinaculum attaches to the radius, 
the dorsal intcrcarpal and dorsal carpometacarpal liga¬ 
ments. the carpal bones, and the third metacarpal bone. 
Laterally and medially it blends with the collateral liga¬ 
ments of the carpus. 

Branches from the cranial interosseous artery supply 
the superficial structures of the lateral aspect of the car¬ 
pal region. The proximal radial and lateral palmar arter¬ 
ies supply deeper structures. The dorsal branch of the 
ulnar nerve emerges between the tendon of insertion of 


the flexor carpi utnaris muscle and the short tendon of 
the ulnaris lateralis, or between the short and long ten¬ 
dons of the latter muscle (Figs. 1,22 and 1.27). As it 
courses distad, the nerve supplies branches to the fascia 
and skin of the dorsal and lateral aspects of the carpus. 

Lateral Aspect 

The lateral collateral carpal ligament extends distad 
from its attachment on the styloid process of the radius, 
immediately distal to the groove for the tendon of the 
lateral digital extensor muscle (Fig. 1.28). The superficial 
part of the ligament attaches distallv on the fourth meta¬ 
carpal bone and partly on the third metacarpal bone. A 
canal between the superficial part and the deep part of 
the ligament provides passage for the tendon of the lat¬ 
eral digital extensor muscle and its synovial sheath. The 
deep part of the ligament attaches on the ulnar carpal 
bone. 

Palmar to the lateral collateral carpal ligament, four 
ligaments support the accessory carpal bone. These liga¬ 
ments. named according to their attachments, are (from 
proximal to distal) the accessortoulnar, accessoriocar- 
poulnar, accessorioquartal, and accessoriometacarpal 
ligaments (Fig. 1.28). Tendons of two muscles are associ¬ 
ated with the accessory carpal bone. The short tendon 
of the ulnaris lateralis muscle attaches to the proximal 
border and lateral surface of the bone; the muscle's long 
tendon, enclosed in a synovial shearh, passes through a 
groove on the bone’s lateral surface and then continues 
distad to insert on the proximal extremity of the fourth 
metacarpal bone (Fig. 1.27). Proximally, a palmarolat- 
eral pouch of the antebrachiocarpal joint capsule is inter¬ 
posed between the lc»ng tendon of the ulnaris lateralis 
and the lateral styloid process of the radius. The single 
tendon of the flexor carpi ulnaris muscle attaches to the 
proximal border of the accessory carpal bone, blending 
patmarly with the flexor retinaculum. A fibrous band 
from the accessory carpal bone attaches to the lateral 
digital extensor tendon. 

Medial Aspect 

On the medial side of rhe carpus the skin and fascia 
receive blood from branches of the radial artery. Innerva¬ 
tion is supplied by the medial cutaneous antebrachial 
nerve. 

The medial collateral carpal ligament extends from 
the medial styloid process of the radius and widens dis- 
tally to attach to the proximal ends of the second and 
third metacarpal bones. Bundles of fibers also attach to 
the radial, second, and third carpal bones (Fig. 1.29), 
Palmarly the ligament joins the flexor retinaculum. At 
this juncture a canal is formed that accommodates the 
passage of the tendcui of the flexor carpi radialis muscle 
and its synovial sheath as the tendon pursues its course 
to the proximal extremity of the second metacarpal 
bone. The inconstant first carpal bone may be embedded 
in the palmar part of rhe medial collateral carpal liga¬ 
ment adjacent to the second carpal bone. 

Palmar Aspect 

The flexor retinaculum is a fibrous band extending 
from the medial collateral ligament, distal end of the 
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Figure 1.25 Cross section immediately 
proximal to left antebrachtocarpal joint. 
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Figure 1.26 Palmaromedial view of exposed left 
carpal synovial sheath and relationships of major 
tendons and ligaments, Rexor retinaculum cut and 
reflected. SDFT » superficial digital ftexor tendon: 
DDFT = deep digital flexor tendon. 
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radius, radial and second carpal bones, and proximal 
end of the second metacarpal bone laterad to the acces¬ 
sory carpal bone and the accessorioquartal and accessor- 
iomctacarpal ligaments. By bridging the carpal groove, 
the flexor retinaculum forms the mediopalmar wall of 
the carpal canal. It blends proximally with the caudal 
antebrachial fascia; distally, with the palmar metacarpal 
fascia. Proximally, the fan-shaped accessory ligament 
(radial check or “superior” check ligament) of the super¬ 
ficial digital flexor tendon completes the medial wa II of 
the carpal canal. The lateral wall is formed by the acces¬ 
sory carpal bone and its two distal ligaments. The palmar 
carpal ligament forms the smooth dorsal wall, its deep 
surface serving as the palmar part of the common fibrous 
capsule of the carpal joints. It attaches to the three pal¬ 
mar radiocarpal, three palmar intercarpal, and four car¬ 
pometacarpal ligaments as well as the carpal bones. Dis¬ 
tally, the palmar carpal ligament gives origin to the 
accessory ligament (carpal check or “inferior” check lig- 
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Figure 1.27 Lateral view of left distal forearm, carpus, and 
proximal metacarpus 
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Figure 1.28 Dissection of carpal ligaments. Lateral view. 
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Figure 1.28 Dissection of carpal ligaments. Medial view. 
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ament) of the deep digital flexor tendon, which joins the 
tendon at approximately the middle of the metacarpus. 

The carpal canal (Fig. 1.25) contains the following 
structures: the superficial and deep digital flexor tendons 
enclosed in the carpal synovial sheath; the medial palmar 
nerve and media) palmar (median) artery medial to the 
tendons; and the lateral palmar nerve, artery, and vein 
crossing obliquely along the medial face of the accessory 
carpal bone to arrive at the deep part of the flexor reti¬ 
naculum. Medial to the carpal canal, the tendon of the 
flexor carpi radialis muscle enclosed in its tendon sheath 
descends to its attachment on the proximal part of the 
second metacarpal hone. The radial artery and vein lie 
palmar to the tendon embedded in the flexor retinac¬ 
ulum. 

The carpal synovial sheath enclosing the digital flexor 
tendons extends from a level 8 to 10 cm proximal to the 
antcbrachiocarpal joint disrad, to near the middle of the 
metacarpus (Fig. 1.26). Under the caudal antebrachial 
fascia, fibers from the accessory ligament of the superfi¬ 
cial digital flexor tendon blend into the medial aspect of 
the wide proximal end of the carpal sheath. The distal 
end is covered by the palmar metacarpal fascia. An inter- 
tendinous fold of the carpal sheath indents between the 
lateral aspects of the digital flexor tendons. At the level 
of the distal radial physis, an elongated aperture pene¬ 
trates the fold. Between rhe tendons, an intertendinous 
membrane attaches to the palmaromedial surface of the 
deep digiral flexor tendon and the dorsomedial surface of 
the superficial digital flexor tendon, dividing the carpal 
synovial sheath into lateral and medial compartments. 4 *' 

In the forearm proximal to the carpus, the palmar 
branch of the median and collateral ulnar arteries anas¬ 
tomose deep to the flexor carpi ulnaris muscle to form 
the lateral palmar artery (Fig. 1.22). The vascular net¬ 
work of the deep palmar carpal region, the rete carpi 
palmare, is supplied by small branches from the palmar 
branch of the median and proximal radial arteries (from 
the median artery). The lateral palmar artery continues 
distad to near the proximal end of the fourth metacarpal 
bone, where it concurs with the radial artery in forming 
the proximal deep palmar (subcarpal) arch. Dorsal 
arches from the radial artery (also a terminal branch of 
the median artery) extend around the medial aspect of 
the carpus to contribute to the dorsal carpal fete. 

Carpal Joints 

The articular surface of the radius in the antebrachio- 
carpal (radiocarpal) joint is essentially concavoconvex 
eraniocaudally as it opposes the reciprocal articular sur¬ 
faces of the radial, intermediate, and ulnar carpal hones. 
Caudal facets on the radius and ulnar carpal bone articu¬ 
late with the accessory carpal bone, a bone that does not 
bear direct weight. The distal articular surface of the 
proximal row or carpal bones is convexoconcave dorso- 
palmarly, accommodating the reciprocal surfaces of the 
second, third, and fourth carpal hones in the middle car¬ 
pal joint. The articular surfaces in the carpometacarpal 
joint between the distal row of carpal bones and the 
second, third, and fourth metacarpal bones are more or 
less flattened with reciprocal facets and ridges. An incon¬ 
stant, pea-sized first carpal bone may be present embed¬ 
ded in the distal part of the medial collateral ligament. 


Intercarpal joints are plane joints between adjaccnr car¬ 
pal bones in the same row held in place by intercarpal 
ligaments. 

An extensive antehrachiocarpal synovial sac deep to 
the common fibrous joint capsule sends extensions be¬ 
tween the carpal bones of the proximal row as far as the 
intercarpal ligaments permit and also encompasses the 
joints formed by the accessory carpal bone. A palmoro- 
latcral pouch extends from the antcbrachiocarpal sac out 
between the long tendon of the ulnaris lateralis muscle 
and the lateral styloid process of the radius. The middle 
carpal synovial sac communicates with the small carpo¬ 
metacarpal sac between the third and fourth carpal 
bones. 

The antehrachiocarpal and middle carpal joints act as 
ginglymi. The antehrachiocarpal joint is flexed 90 to 
100° and the middle carpal joint 45° by the action of the 
flexor carpi radialis and ulnaris lateralis muscles. 14 The 
joints are extended by the extensor carpi radialis and 
extensor carpi obliquus (abductor digit! I longus) mus¬ 
cles. The carpometacarpal joint is a plane joint with min¬ 
imal movement. The flattened, dorsal parts of the articu¬ 
lar areas of the carpal hones and the palmar carpal 
ligament uniting the palmar aspects of the carpal ones 
serve to prevent hyperextension of the carpal joints. 

Further stability is given to the extended carpus dor- 
sally by the tendon of the extensor carpi radialis muscle 
and palmarly by the ttndoligamentous support of the 
“check ligaments” and the digital flexor tendons. The 
accessory (radial check) ligament (really the radial head) 
of the superficial digital flexor is a fan-shaped, flat, fi¬ 
brous band originating on a ridge on the caudomcdial 
aspect of the distal part of the radius. It joins the tendon 
of the humeral head under the proximal part of the flexor 
retinaculum (Fig. 1.36) and contributes to the medial 
wall of the carpal canal. The accessory (carpal check) 
ligament of the deep digital flexor continues distad from 
the palmar carpal ligament to join the main tendon near 
the middle ot the metacarpus. 

Antebrachium 

The antehrachium (forearm) includes the radius and 
ulna and the muscles, vessels, nerves, and skin surround¬ 
ing the bones. The prominent muscle belly of the exten¬ 
sor carpi radialis muscle bulges under the skin on the 
cranial aspect, A horny cutaneous structure, rhe chest¬ 
nut, is present on the medial skin of the distal rhird of 
the forearm. The chestnut is considered a vestige of the 
first digit. 

Superficial Nerves and Vessels 

There is extensive overlapping among adjacent sen¬ 
sory cutaneous branches of the axillary, radial, musculo¬ 
cutaneous, and ulnar nerves in the forearm. The axillary 
nerve detaches brachial cutaneous branches to the lateral 
aspect of the arm and terminates as the cranial cutaneous 
antebrachial nerve, crossing the insertion of the clcido- 
brachialis muscle and coursing distad in the fascia over 
the extensor carpi radialis muscle. 

The lateral cutaneous antebrachial nerve is detached 
from the superficial branch of the radial nerve as the 
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latter runs between the extensor carpi radial is and the 
lateral head of the triceps hrachii (Fig. 1.33). In its subcu¬ 
taneous course, the lateral cutaneous antebrachial nerve 
descends to supply the skin on the craniolateral distal 
part of the forearm. Terminal branches often course to 
the carpus and proximal metacarpus (Fig. 1,24). 

The medial cutaneous antebrachial nerve continues 
laterodistad from the musculocutaneous nerve* coursing 
in the subcuris over the terminal parr of the biceps hrachii 
muscle and (hen along the deep face of the muscle’s long 
tendon, the lacertus fibrosus, which blends with the ante¬ 
brachial fascia and continues into the tendon of the ex¬ 
tensor carpi radialis muscle. The nerve is readily palpable 
through the skin as it crosses the cranial edge and then 
the medial surface of the lacertus fibrosus, where it di¬ 
vides into two main branches (Fig. 1.30). The larger 
branch accompanies the accessory cephalic vein ascend¬ 
ing from the rete carpi dorsale. The nerve continues di- 
srad on the dorsomedial aspect of the carpus and meta¬ 
carpus to the fetlock. The smaller branch accompanies 
the cephalic vein as the vein continues proximad from 
the medial palmar vein between the flexor carpi radialis 
muscle and the radius and then courses obliquely across 
the medial surface of the radius* where the hone is subcu¬ 
taneous. This branch of the nerve is sensory to the skin 
as far as the medial aspect of the carpus. Whereas the 
medial cutaneous antebrachial nerve is primarily sen¬ 
sory, it also supplies motor fibers to the pectoral is 
transversus muscle. 

Ascending over the cranial edge of the pectoralis 
transversus, the cephalic vein gains the lateral pectoral 
groove between the pectoralis descendens and cleido- 
brachialis muscles. A small artery , the deltoid branch of 
the superficial cervical artery, accompanies the cephalic 
vein in the groove. Under cover of the cutancus colli 
muscle* the cephalic vein empties into the jugular vein 
or occasionally into the subclavian vein. The accessory 
cephalic vein joins the cephalic vein after the latter de¬ 
taches the median cubital vein (Fig. 1.30). The median 
cubital vein courses proximocaudad over the short me¬ 
dial attachment of the biceps hrachii to the radius, and 
then passes over the median nerve and brachial artery 
to join the brachial vein in the distal fourth of the arm 
covered by the pectoralis ascendens (deep pectoral) mus¬ 
cle. Midway in its course the median cubital vein may 
receive a large branch emerging from between the radius 
and the flexor carpi radialis muscle. 

The caudal cutaneous antebrachial nerve (from the 
ulnar nerve) emerges through the terminal part of the 
pectoralis transversus and ramifies in the superficial fas¬ 
cia on the caudal aspect of the forearm. 

Fascia and Muscles 

Beneath the skin and superficial antebrachial fascia 
(to which the pectoralis transversus muscle is attached) 
the thick* deep antebrachial fascia invests all of the mus¬ 
cles of the forearm. It provides for insertion of the tensor 
fasciae antebrachii muscle medially* rhe cleidobrachialis 
muscle laterally* and the biceps hrachii muscle cranially 
by means of the lacertus fibrosus. The deep fascia merges 
with the periosteum on the medial surface of the radius, 
and attaches to the collateral ligaments and bony promi¬ 
nences at the elbow. Extensor muscles are invested more 


tightly than the flexor muscles. An intermuscular septum 
extends from the deep fascia between the common and 
lateral digital extensors. Another septum extends be¬ 
tween the common digital extensor and extensor carpi 
radialis muscles* and a third septum lies between the ra¬ 
dial and ulnar carpal flexors. 

Exte nsor Muscles 

Four muscles make up the extensor group of the ante- 
hrachium. The lateral digital extensor muscle lies under 
the deep fascia against the radius and ulna between the 
ulnaris lateralis caudally and the larger common digital 
extensor muscle belly cranially (Fig, 1.31). Whereas the 
lateral digital extensor originates from the radius, ulna, 
lateral collateral ligament of rhe elbow joint* and the 
intermuscular septum from the deep fascia, most of the 
common digital extensor muscle (the humeral head) 
originates from the radial fossa and adjacent rough area 
of the humerus* with additional attachments to the ulna* 
deep fascia, lateral aspect of the radius* and the lateral 
collateral ligament. A small tendon from the radial head 
of the muscle accompanies the main tendon as the two 
tendons enter the synovial sheath above the carpus. 

The extensor carpi radialis is the largest of the exten¬ 
sor muscles of the anrebrachium. It attaches proximally 
to the lateral cpicondylc and radial fossa of the humerus 
along with the tendon of origin of the common digital 
extensor. It also attaches to the elbow joint capsule* the 
deep fascia, and the septum between the two muscles. 
The extensive tendon traversing the extensor carpi radi¬ 
alis blends with the deep fascia of the forearm after the 
fascia receives the lacertus fibrosus (long tendon of the 
biceps hrachii muscle) (Fig. 1.30). A tendon lies across 
the tendon of insertion of the extensor carpi radialis. 
This obliquely placed tendon is that of the smallest mus¬ 
cle of the extensor group, the extensor carpi ohtiquus 
muscle (abductor digiri I longus)* which originates on 
the lateral surface ot the distal half of the radius. In its 
oblique course the muscle is at first deep to the common 
digital extensor. Then its tendon crosses the tendon of 
the extensor carpi radialis superficially. The tendon 
sheath of the tendon of insertion is adherent to the exten¬ 
sor retinaculum as the tendon angles over the carpus 
toward its insertion on the head of the second metacarpal 
bone. On the medial aspect of the carpus, the tendon 
and its sheath are related deeply to a bursa that usually 
communicates with the tendon sheath in older horses. ’ 

The common digital extensor tendon, enclosed in its 
tendon sheath, occupies its respective groove on the dis¬ 
tal extremity' of the radius. 

Flexor Muscles 

The flexor carpi radialis muscle is related to the medi- 
ocaudal surface of the radius (Figs. 1.30 and 1.34)* ex¬ 
tending distad from the medial epicondyle of the hume¬ 
rus to the proximal extremity of the second metacarpal 
bone. Caudal and partially deep to the preceding muscle, 
the flexor carpi ulnaris muscle is formed by an ulnar 
head from the olecranon and a humeral head from the 
medial epicondyle and extends to the accessory carpal 
hone. The next muscle belly caudal to the flexor carpi 
ulnaris is that of the ulnaris lateralis muscle, which origi¬ 
nates on the lateral epicondyle of the humerus caudal to 
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Figure 1.30 Caudomedial view ol a superfidal dissection of left elbow and forearm. 
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the lateral collateral ligament of the elbow joint. The 
muscle extends distad to insert on the proximal and lat¬ 
eral aspects of the accessory carpal bone and, by means 
of a longer, sheathed tendon, to the proximal end of the 
fourth metacarpal hone. Over the elbow joint, a synovial 
sheath lies deep to the first part of the muscle. The syno¬ 
vial sheath opens into the elbow joint cavity. The preced¬ 


ing three muscles flex the carpal joints and extend the 
elbow’ joint, even though the ulnaris lateralis is morpho¬ 
logically an extensor of the carpal joint and supplied by 
the radial nerve. 

The humeral head of the superficial digital flexor mus¬ 
cle originates from the medial epicondyle of the humerus 
and then lies deep to the ulnar head of the deep digital 
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flexor (which is quite superficial as it originates from the 
medial surface of the olecranon) and the flexor carpi 
utnaris. The muscle belly of the superficial digital flexor 
lies flat against the large, partially subdivided head of 
the deep digital flexor muscle. Under the proximal part 
of the flexor retinaculum, the tendon of the humeral 
head of the superficial digital flexor is joined by a flat, 
wide fibrous band, the accessory ligament (radial head 
of the muscle), which comes from its attachment on a 
ridge on the mcdiocaudal surface of the distal half of the 
radius (Fig. 1.36). 

The long, distinct tendon of the ulnar head of the deep 
digital flexor muscle joins the main tendon of the large 
humeral head proximal to the antebrachiocarpal joint, 
just before the combined tendon becomes enclosed with 
the tendon of the superficial digital flexor in the carpal 
synovia] sheath. When present, the tendon of the small 
radial head of the deep digital flexor also joins the main 
tendon at this level. The inconstant radial head takes 
origin from the middle half of the caudal surface of the 
radius and adjacent surface of the ulna deep to the hu¬ 
meral head. As the humeral head descends from its origin 
on the medial cpicondyle of the humerus, a synovial 
pouch from the elbow joint capsule protrudes distad be¬ 
neath the muscle. 


Nerves and Deep Vessels 

The deep branch of the radial nerve descends over the 
flexor surface of the elbow and supplies branches to the 
extensor muscles of the forearm and the ulnaris lateralis. 

Accompanied by the collateral ulnar artery and vein, 
the ulnar nerve crosses the medial epicondvle of the hu¬ 
merus, descends obliquely distocaudad across the medial 
bead of the triceps brachu muscle and the elbow, and 
then runs between the ulnar head of the flexor carpi 
ulnaris and the ulnar head of the deep digital flexor. The 
ulnar nerve gives branches to these two muscles and the 
superficial digital flexor. From this level the nerve pur¬ 
sues a distal course under the deep antebrachial fascia 
on the ulnar head of the deep digital flexor, and then 
on the superficial surface of the superficial digital flexor 
muscle. The ulnar nerve continues distad between the 
latter and the ulnaris lateralis, and finally between the 
ulnaris lateralis and flexor carpi ulnaris muscles as they 
near their insertions. Here the ulnar nerve divides into 
its palmar and dorsal branches. 

Distal to the elbow the median nerve lies along the 
caudal border of the long part of the medial collateral 
ligament of the elbow joint. It lies against the cranial 
brachial vein cranial to the brachial artery (Fig. 1.30). 
This relationship continues distally after the brachial ar¬ 
tery gives off the common interosseous artery and be¬ 
comes the median artery. In the proximal part of the 
forearm, the median nerve supplies branches to the 
flexor carpi radialis muscle, the humeral and radial heads 
of the deep digital flexor muscle, and the periosteum of 
the radius and ulna. At about the middle ot the forearm, 
the median nerve divides into the medial and lateral pal¬ 
mar nerves, which remain together in a common sheath 
before separating in the distal fourth of the forearm. The 
medial palmar nerve descends into the carpal canal; the 
lateral palmar nerve is joined by the palmar branch of 


the ulnar nerve and descends within the flexor retinacu¬ 
lum (Fig. 1.22). 

The common interosseous artery gives off a small cau¬ 
dal interosseous artery, then passes through the interos¬ 
seous space, supplying nutrient arteries to the radius and 
ulna. The cranial interosseous artery is the main contin¬ 
uation of the common interosseous. Together with the 
transverse cubital artery, the cranial interosseous pro¬ 
vides branches to the cranial and medial aspects of the 
forearm. 

Distal to the origin of the common interosseous ar¬ 
tery, the brachial artery continues as the median artery 
between the flexor carpi radialis muscle and the cau- 
domedial surface of the radius. In the distal part of the 
forearm, the median artery angles caudad and detaches 
the proximal radial artery, a small vessel that courses 
distad on the radius to the palmar aspect of the carpus. 
The median artery terminates at the distal end of the 
forearm by bifurcating into the large medial palmar ar¬ 
tery (common palmar digital artery 11), the much smaller 
lateral palmar artery (palmar branch of the median ar¬ 
tery or common palmar digital artery III), and, medially, 
the radial artery. 

Two median veins accompany the median artery and 
nerve: a proximal continuation of the lateral palmar 
vein, which ascends caudal to the artery, and a vein 
formed by radicles from the caudal antebrachial muscles, 
which ascends cranial to the artery. 

Radioulnar Relationships 

The interosseous ligament of the forearm attaches the 
shaft of a foal's ulna to the radius distal and proximal 
to the interosseous space. Ossification of the ligament 
distal to the space occurs in the young horse, but the 
proximal part of the ligament persists until it becomes 
ossified in very old horses. Ih Proximal to the interosseous 
space, a radioulnar ligament extends from the borders 
of the ulna to the caudal aspect of the radius, stabilizing 
the proximal radioulnar joint. 

Cubital (Elbow) Joint 

Muscles adjacent to the equine cubital joint include 
two principal flexors: the biceps brachu and the brachi- 
alis (aided by the extensor carpi radialis and common 
digital extensor muscles) and three principal extensors: 
the tensor fasciae antebrachii, triceps brachu, and the 
anconeus (assisted by the flexors of the carpus and digit). 

Cranially the terminal part of the biceps brachu mus¬ 
cle crosses the joint, its long tendon of insertion (the 
lacertus fihrosus) joining the deep fascia of the extensor 
carpi radialis and its short tendon attaching to the radial 
tuberosity and medial collateral ligament of the cubital 
joint (Fig. 1.34). The terminal part of the brachialis mus¬ 
cle, curving around from its location in the musculospiral 
groove of the humerus, passes between the biceps brachii 
and extensor carpi radialis muscles to attach to the me¬ 
dial border of the radius under the long part of the medial 
collateral ligament of the elbow joint (Fig. 1.30). The 
medial collateral ligament represents the pronator teres 
muscle in the horse. A bursa is situated between the ten¬ 
don and the collateral ligament.* 1 
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Over the medial aspect of the elbow joint deep to the 
cranial part of the superficially located pectoralis 
tra ns versus muscle, the median nerve, cranial brachial 
vein, brachial artery, and caudal brachial vein lie caudal 
to the medial collateral ligament of the elbow joint {Fig. 
1.30). The short part of the collateral ligament is deep 
and attaches to the radial tuberosity. Proximocaudal to 
the joint the collateral ulnar artery and vein, the ulnar 
nerve, and its cutaneous branch (caudal cutaneous ante¬ 
brachial nerve) cross obliquely between the medial head 
of the triceps brachii and tensor fasciae antebrachii mus¬ 
cles. 

All three principal extensors of the cubital joint insert 
on the olecranon tuberosity of the ulna. A subcutaneous 
bursa may cover the caudal aspect of the olecranon tu¬ 
berosity; deeply a subtendinous bursa lies under the ten¬ 
don of insertion of the long head of the massive triceps 
brachii muscle J (Fig. 1.31). The medially located tensor 
fasciae antebrachii muscle also inserts on and acts to 
tense the deep antebrachial fascia. Deep to the triceps 
brachii the small anconeus muscle originates from the 
caudal surface of the humerus, covers the olecranon 
fossa, and attaches to the elbow joint capsule, acting to 
elevate it when the joint is extended. 

Laterally the cubital joint is covered by the distal part 
of the omobrachialis muscle. A short, stout lateral collat¬ 
eral ligament extends from the lateral ruberosiry of the 
radius to the lateral cpicondyle of the humerus. Deep 
fascia covers muscular attachments, anchors to bony 
prominences, and attaches to the lateral collateral liga¬ 
ment. Bands of fascia extend deeply, blending with the 
cranial part of the joint capsule. Caudally the joint cap¬ 
sule becomes thinner as it extends into the olecranon 
fossa deep to adipose tissue and the anconeus muscle. 
The joint capsule is adherent to the anconeus muscle 
and tendons of surrounding muscles. Extensions of the 
synovial lining of the joint project distad under the 
origins of the ulnaris lateralis and the digital flexor mus¬ 
cles and into the radioulnar articulation. The cubital 
joint is supplied by branches from the transverse cubital 
artery era mall y and a branch from the collateral ulnar 
artery caudal!y. 

A fovea on the head and a ridge on the proximal ex¬ 
tremity of the radius and the trochlear notch of the ulna 
articulate with the trochlea of the humerus, forming a 
ginglymus. The cranial articular angle is approximately 
150 with a range of movement up to 60°. In flexion 
the forearm is carried laterad on account of the slightly 
oblique axis of movement of the elbow joint. 1 * 

Arm and Shoulder 

The arm is the region around the humerus. The shoul¬ 
der includes the shoulder joint (scapulohumeral joint) 
and the region around the scapula that blends dorsally 
into the withers. Whereas the superficial fascia of the 
shoulder continues around to the medial side as the sub¬ 
scapular fascia, the heavy deep fascia closely invests the 
underlying muscles and sends intermuscular septa in to 
attach to the spine and borders of the scapula. Within 
the superficial fascia over the lateral aspect of the shoul¬ 
der and arm, the cutaneous omobrachialis muscle covers 
the deep fascia over the lateral musculature and extends 


as far distad as the cubital joint (Fig. 1.31). The muscle 
is innervated bv the intcrcostobrachial nerve. Cutaneous 
sensation in this region is also mediated by brachial 
branches of the axillary and radial nerves. Superficial 
blood vessels are branches of the caudal circumflex hu¬ 
meral vessels. 

The cleidobrachialis muscle (of the brachiocephati- 
cus) covers the craniolateral aspect of the shoulder joint 
and associated structures on the way to its insertion on 
the deltoid tuberosity, the humeral crest, and the fascia 
of the arm (Fig. 1.32). When the head and neck are fixed, 
this muscle acts as an extensor of the shoulder joint, 
drawing the forelimb craniad. By means of the fascia of 
the arm it also acts to extend the elbow joint. 

Muscles Substituting for Shoulder Joint Ligaments 

Cranial ly the heavy, partly cartilaginous tendon of 
the biceps brachii muscle originates on the supraglenoid 
tubercle of the scapula and occupies the intertuberal 
groove of the humerus. A tendinous band from the pec¬ 
toralis a seen dens muscle extends from the lesser tubercle 
to the greater tubercle, serving to bind down the tendon 
of the biceps brachii. An intertuberal bursa lies under 
the tendon and extends around its sides. Fascial sheaths 
of the muscle attach to the humeral tubercles. A tendi¬ 
nous intersection extends distad through the muscle. In 
addition to flexing the elbow, the biceps brachii fixes 
the elbow and shoulder in the standing position. The 
musculocutaneous nerve supplies the biceps brachii. The 
supraspinatus muscle, which arises from the supraspi¬ 
nous fossa, the spine, and cartilage of the scapula, divides 
distally to attach to the greater and lesser tubercles of 
the humerus, serving w ith the bicipital tendon to stabilize 
the shoulder joint crania lly. 

Laterally the infraspinatus muscle extends distad from 
the scapular cartilage and infraspinous fossa to insert on 
the caudal eminence of the greater tubercle and on a 
triangular area on the distal part of the tubercle distal to 
the insertion of the supraspinatus (Fig. 1.33), The partly 
cartilaginous tendon is protected from the underlying 
caudal eminence by adipose tissue and a constant syno¬ 
vial bursa chat may communicate with the shoulder joint 
cavitv. The tendon is the main lateral support of the 
shoulder joint. It is assisted by the teres minor, a smaller, 
flat muscle arising from the infraspinous fossa, the cau¬ 
dal border, and a small tubercle on the distal extremity of 
the scapula and inserting proximal to and on the deltoid 
tuberosity (Fig. 1.33). The lateral insertion of the supra¬ 
spinatus muscle also lends lateral support. 

The supraspinatus muscle extends the shoulder joint; 
the teres minor muscle flexes the joint and, together with 
the infraspinatus, abducts the arm. The infraspinatus 
also rotates the arm laterad. The supraspinatus and in¬ 
fraspinatus muscles are supplied by the suprascapular 
nerve, which reaches the supraspinous fossa by passing 
out between the subscapularis and supraspinatus mus¬ 
cles and then going around the distal fourth of the cranial 
border of the scapula. The nerve continues proximocau- 
dad into the infraspinous fossa where it ends by sending 
branches to the infraspinatus. 

The subsea pula ris muscle supports the shoulder joint 

medially. This adductor of the arm originates in the sub- 
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Figure 1.32 Dissection of right shoulder and dorsoscapular ligament. Spines of thoracic vertebrae 2 to 5 are 

outlined by dashed lines. 


scapular fossa of the scapula and inserts on the caudal 
eminence of the lesser tubercle of the humerus. Caudal 
support to the joint is rendered by the long head of the 
triceps brachii, the only head of this muscle originating 
from the scapula. 

Flexor Muscles of the Shoulder Joint 

In addition to the long head of the triceps brachii mus¬ 
cle, four muscles flex the shoulder joint: laterally, the 


deltoideus and teres minor (which also abduct the arm); 
medially, the teres major and coracobrachialis (which 
also adduct the arm), and the latissimus dorsi. The first 
three muscles are innervated by branches from the axil¬ 
lary nerve; the coracobrachialis, by the musculocuta¬ 
neous nerve; and the latissimus dorsi, by the thoracodor¬ 
sal nerve. 

The deltoideus muscle originates from the proximal 
part of the caudal border of the scapula and the scapular 
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Figure 1.33 Lateral aspect of right shoulder. Inset: deeper dissection exposing shoulder joint. 
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spine via the aponeurosis investing the infraspinatus (Fig. 
1.33). The muscle lies in a groove on the lateral surface 
of the triceps hrachii and partly on the infraspinatus and 
teres minor muscles as it extends distad to attach to the 
deltoid tuberosity of the humerus and the brachial fascia. 

The teres major muscle extends from the caudal angle 
and nearby caudal border of the scapula across the me¬ 
dia) surface of the triceps hrachii to the teres tuberosity 
of the humerus, where it inserts with the latissimus dorsi 
muscle (Fig. 1.34). 

The coracoid process of the scapula gives origin to 
the coracobrachial is muscle, which crosses the medial 
aspect of the shoulder joint and proximal arm to attach 
to the humerus just proximal to the teres tuberosity and 
on the middle of the cranial surface of the bone, A bursa 
is interposed between the tendon of origin of the coraco- 
brachialis and the tendon of insertion of the subsea pu- 
laris muscle. 

From the subscapular fascia adjacent to the shoulder 
joint the thin omohyoideus muscle ascends the neck 
obliquely to insert on the basihyoid bone. This muscle 
is not concerned with movement of the shoulder but acts 
to retract the hyoid bone and tongue. 


Shoulder Joint 

The shoulder joint may be approached surgically by 
freeing and retracting the cranial edge of the deltoideus 
muscle to visualize the underlying teres minor muscle. 
The tendon of insertion of the teres minor may be tran¬ 
sected near its attachment on the humerus, and the mus¬ 
cle is dissected free and reflected dorsad to expose the 
shoulder joint (Fig. 1,33). 

The fibrous part of the ample joint capsule of the 
shoulder joint attaches up to 2 cm away from the mar¬ 
gins of the articular surfaces. Two elastic glenohumeral 
ligaments reinforce the joint capsule as they diverge from 
the supraglenoid tubercle to the humeral tuberosities. A 
very small articularis humeri muscle lies on the flexion 
surface of the joint capsule. The muscle extends from 
the caudal part of the scapula proximal to the rim of the 
glenoid cavity passing through the origin of the brachi¬ 
al is muscle to terminate on the caudal surface of the hu¬ 
merus just distal to the head. Innervated by the axillary 
nerve, the articularis humeri tenses the joint capsule dur¬ 
ing flexion of the shoulder joint. 

Within the shoulder joint, the articular surface of the 
humeral head has approximately twice the area of the 
glenoid cavity of the scapula, even with the small exten¬ 
sion afforded by the glenoid lip around the rim. The 
articular configuration of this spheroidal (ball-and- 
socket) joint and the support of the surrounding muscles 
give great stability to the joint. Major movements arc 
flexion and extension. While standing, the caudal angle 
of the shoulder joint is 120 to 130°. The angle increases 
to approximately 145° in extension and decreases to 80° 
in flexion. 1 * Muscles around the joint restrict abduction 
and adduction. Rotation is very limited. 

Shoulder Girdle 

The equine shoulder girdle is muscular and ligamen¬ 
tous. Component parts of the shoulder girdle connect 


the shoulder, arm, and forearm to the trunk, neck, and 
head. 

Muscles 

Beneath the skin over the scapular region the broad, 
triangular, flat trapezius muscle covers parts of eight un¬ 
derlying muscles. The cervical part of the trapezius arises 
by a thin aponeurosis from most of the funiculus nuchae 
and inserts on the scapular spine and fascia of the shoul¬ 
der and arm. The muscle's ventral edge is connected 
closely to the omotransversarius muscle by cervical fas¬ 
cia. The aponeurosis of the thoracic part of the trapezius 
cakes origin from the supraspinous ligament from the 
third to the tenth thoracic vertebrae, and the muscle in¬ 
serts on the tuber spinae of the scapula. An aponeurosis 
joins the two parts of the trapezius. Innervated by the 
accessory nerve and dorsal branches of adjacent thoracic 
nerves, the trapezius muscle elevates the shoulder and 
draw's it either crantad or caudad, depending on the ac¬ 
tivity of the cervical or thoracic parts, respectively. 

Deep to the trapezius, the rhomboideus cervicis origi¬ 
nates from the funiculus nuchae, and the rhomboideus 
thoracis originates from the superficial surface of the 
dorsal part of the dorsoscapular ligament. Both parts of 
the rhomboideus muscle insert on the medial side of the 
scapular cartilage (Fig. 1,34), A fascial sheath around 
the rhomboideus cervicis separates it from adjacent 
structures. This muscle pair is innervated by the sixth 
and seventh cervical nerves and dorsal branches of nerves 
adjacent to the rhomboideus thoracis. The rhomboideus 
draws the scapula dorsocraniad, and when the limb is 
stationary, the cervical part helps to raise the neck. 

The widest muscle of the shoulder girdle, the latissi¬ 
mus dorsi, has roughly the shape of a right mangle with 
the altitude of the triangle taking origin through a broad 
aponeurosis from the thoracolumbar fascia. Thin at first, 
the muscle becomes thicker as it dips medial to the long 
head of the triceps brae hit to converge on a flat, common 
tendon of insertion with the teres major muscle (Fig. 
1.34). As the tendon of insertion passes to its attachment 
on the teres ruberositv of the humerus, it is attached 
lightly to the thm tendon of the cutaneus trunci muscle, 
passing to that muscle’s insertion on the lesser tubercle 
of the humerus. The common tendon of the latissimus 
dorsi and teres major muscles also gives origin to the 
cranial portion of the tensor fasciae antebrachii. 

From within outward, the muscles contributing most 
substantially to this attachment of the thoracic limb (a 
synsarcosis) to the trunk and neck are the serratus ven- 
tralis, the four pectoral muscles, the brachiocephalicus, 
and the omotransversarius. The serratus ventralis cer¬ 
vicis extends from the transverse processes, of the last 
four cervical vertebrae to the cranial facies serrata on 
the medial surface of the scapula and adjacent scapular 
cartilage; the serratus ventralis thoracis converges dor¬ 
sad from the lateral surfaces of the first eight or nine ribs 
to the caudal facies serrata of the scapula and adjacent 
scapular cartilage. Elastic lamellae from the ventral part 
of the dorsoscapular ligament are interspersed through 
the attachments of the serratus ventralis on the scapula 
(Fig. 1.34). The two parts of the muscle and the contra¬ 
lateral serratus ventralis form a support suspending the 
thorax between the thoracic limbs. When both muscles 
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Figure 1.34 Medial dissection of left shoulder, arm, and proximal forearm. Veins excluded. 
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contract, they elevate the thorax; acting independently, 
each serratus ventralis shifts the trunk's weight to the 
ipsilatcral limb. During locomotion the cervical part of 
the muscle draws the dorsal border of the scapula era* 
niad; the thoracic part draws the scapula caudad. When 
the limb is fixed, the serratus cervicis extends the neck 
or pulls it laterad. The long thoracic nerve and branches 
from the fifth to the eighth cervical nerves supply the 
serratus ventralis muscle. 

All four pectoral muscles attach to the sternum. There 
are two superficial pectoral muscles: 1) the pectoralis 
descendens muscle descends from the cartilage of the ma¬ 
nubrium sterni to the deltoid tuberosity and the crest of 
the humerus and the brachial fascia, and 2) the pectoralis 
transversus muscle extends from the ventral part of the 
sternum between the first to the sixth sternehrae to the 
superficial fascia of the medial aspect of the antebra- 
chium and to the humeral crest. The largest pectoral 
muscle, the pectoralis ascendens (deep pectoral) muscle 
(Fig. 1.32), ascends from its attachments (the xiphoid 
cartilage, the ventral part of the sternum, the fourth to 
ninth costal cartilages, and the abdominal tunic) to the 
cranial parts of the lesser and greater humeral tubercles 
and the tendon of origin of the coracobrachial is muscle. 
The band from the lesser tubercle to the greater tubercle 
helps to stabilize the underlying tendon of the biceps 
brachii muscle. The fourth pectoral muscle, the subcla¬ 
vius, comes from the first four costal cartilages and the 
cranial half of the sternum and ends in an aponeurosis 
over the dorsal part of the supraspinarus muscle and the 
scapular fascia (Figs. 1.32 and 1.33), 

The superficial pectoral muscles adduct the thoracic 
limb and tense the antebrachial fascia. The pectoralis 
ascendens and subclavius also adduct the limb, and if 
the limb is fixed in the advanced position, they pull the 
trunk craniad. Cranial and caudal pectoral nerves (with 
musculocutaneous and intercostal nerves contributing to 
the cranial pectoral nerves) supply these muscles. 

As has been noted, the cleidobrachialis part of the 
brachiocephalicus muscle extends from the tendinous 
clavicular intersection ro the arm. The deidomastoideus 
part of the muscle lies between the tendinous intersection 
and its attachments to the mastoid process and nuchal 
crest, partly overlapping the omotransversarius muscle 
dorsally. The omotransversarius originates from the 
wing of the atlas and the transverse processes of the sec¬ 
ond, third, and fourth cervical vertebrae and inserts on 
the humeral crest and fascia of the shoulder and arm. 
As it passes along the dorsal border of the brachiocepha¬ 
licus on its way to the point of the shoulder, the omo- 
rransversarius covers parts of the omohyoideus, serratus 
ventralis cervicis, subclavius, and biceps brachii muscles. 
The dorsal branch of the accessory nerve passes through 
the cranial part of the omotransversarius and then be¬ 
tween that muscle and the trapezius. 

DoftsoscAPi/i ar Ligament 

Further attachment of the shoulder to the trunk is 
afforded by a thickened, superficial lamina of the thora¬ 
columbar fascia, the dorsoscapular ligament. It consists 
of two histologically distinct parts. 1 A collagenous part 
attaches to the third, fourth, and fifth thoracic spines 
under the flattened part of the nuchal ligament subjacent 


to the supraspinous bursa. This part of the dorsoscapular 
ligament passes vent rad, ultimately attaching to the me¬ 
dial surface of the rhomboideus thoracis muscle. As it 
curves laterad under the muscle, the collagenous part 
changes to an elastic part. A horizontal lamina of the 
elastic part forms the ventral sheath of the rhomboideus 
thoracis muscle. Several vertical laminae project from 
the ventral aspect of the horizontal lamina, surrounding 
bundles of the serratus ventralis muscle that insert on 
the scapula (Fig. 1.35). 

In this region, three other laminae detach from the 
thoracolumbar fascia. A superficial lamina gives origin 
to rhe splenius and serratus dorsalis crania I is muscles; 
an intermediate lamina passes between the iliocostalis 
thoracis and longissimus thoracis muscles; a deep lamina 
passes between the longissimus thoracis and spinalis 
thoracis muscles to attach to the transverse processes 
of the first several thoracic vertebrae. The scmispinalis 
capitis muscle attaches to the deep lamina. Exudate 
spreading from septic supraspinous bursitis would be 
contained by an intact dorsoscapular ligament until the 
infection would possibly penetrate the ligament and in¬ 
vade deeper structures. 


Nerves and Vessels 

The medial aspect of the arm and shoulder contains 
the large vessels and nerves supplying the thoracic limb 
(Fig. 1.34). Suprascapular vessels accompany the supra¬ 
scapular nerve, passing laterad between the cranial edges 
of the subscapularis and suprascapularis muscles. A fi¬ 
brous connective tissue band covers the nerve as it passes 
around the cranial border of the scapula. The median 
nerve descends medial to the axillary artery, forming an 
axillary loop distal to the artery by uniting with a large 
detachment from the musculocutaneous nerve. Proximal 
branches from the musculocutaneous nerve supply the 
coracohrachialis and biceps brachii muscles. Distal to 
the axillary loop, the median and musculocutaneous 
nerves are contained in a common sheath. They swing 
craniad and course disrad cranial to the brachial vein 
and medial to the brachial artery. In the middle of the 
arm the musculocutaneous nerve divides into a distal 
branch supplying the brachial is muscle and the medial 
cutaneous antebrachial nerve that spirals around the bi¬ 
ceps brachii to that muscle's lacertus fibrosus. The me¬ 
dian nerve crosses back over the brachial artery and de¬ 
scends caudal to it. 

The axillary nerve traverses the medial surface of the 
subscapularis muscle and, together with the large sub¬ 
scapular vessels (from the axillary vessels), the nerve 
passes laterad between the subscapularis and teres major 
muscles. As the axillary nerve continues its course, it is 
accompanied by the caudal circumflex humeral artery, 
a branch of the subsea pula r artery. 

Two nerves in this region course caudad more or less 
parallel to one another: the thoracodorsal nerve to the 
latissimus dorsi muscle, and the lateral thoracic nerve, 
which distributes branches to the cutaneous muscles and 
skin. Thoracodorsal vessels from the subscapular vessels 
follow the thoracodorsal nerve. A prominent superficial 

thoracic vein and smaller satellite arterv from the thora- 

# 

codorsal vessels accompany the lateral thoracic nerve. 
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Figure 1.35 A. Craniofaleral view of 
dotsoscapular ligament. The elastic part 
4 associated with the rhomboideus 
thoracis and serratws ventraiis muscles, 
B. Cross section of right dorsoscapular 
Hgament. Notice the proximity of the 
ligament to the supraspinc u-s bursa and 
the blending of the collagenous part of 
the ligament with the thoracolumbar 
fascia. (Reprinted with permission from 
Garrett PD. Anatomy of the 
dorsoscapular ligaments of horses. J 
Am Vet Assoc 1990; 106:446.) 
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The large radial nerve and smaller ulnar nerve descend 
distocaudad close to each other medial to the subscapu- 
lar artery, then lateral to the external thoracic vein, and 
finally caudal to the brachial vein. After supplying a 
branch to the tensor fasciae antebrachii muscle, the ra- 
dial nerve plunges laterad between the teres major and 
medial and long heads of the triceps brachii muscle to 
the musculospiral groove of the humerus, lying against 
the caudal aspect of the brachialis muscle. In the groove 
it gives off lateral cutaneous branches to the caudodistal 
aspect of the arm, and then supplies branches to the tri¬ 
ceps brachii and anconeus muscles. Just proximal to the 
flexor surface of the elbow joint, the radial nerve divides 
into deep and superficial branches. The deep branch di¬ 
vides into branches supplying the uJnans lateralis muscle 
and the extensor muscles of the carpus and digit. The 


superficial branch courses laterad between the lateral 
head of the triceps brachii and the extensor carpi radialis 
muscles accompanied by the transverse cubital artery. 
The lateral cutaneous antebrachial nerve is detached and 
courses through the distal edge of the lateral head of the 
triceps brachii to supply sensory innervation to the fascia 
and skin of the lateral aspect of the forearm (Fig. 1.33). 

Leaving its position between the axillary artery and 
vein adjacent to the radial nerve, the ulnar nerve crosses 
the vein and angles caudodistad to the middle of the 
arm. At the cranial edge of the tensor fasciae antebrachii 
muscle, the ulnar nerve detaches the caudal cutaneous 
antebrachial nerve that courses caudodistad across the 
medial surface of the muscle (Fig. 1.34). The main trunk 
of the ulnar nerve continues its course by passing be¬ 
tween the tensor fasciae antebrachii and the medial head 
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of the triceps brachii accompanied by the collateral ulnar 
vessels. The nerve and vessels then cross the medial cpi- 
condyle of the humerus. 

The short axillary vessels give off four branches; the 
suprascapular, external thoracic, subscapular, and cra¬ 
nial circumflex humeral vessels. The origin and distribu¬ 
tion of the external thoracic vessels are most variable. 
They may arise from vessels adjacent to the axillary ves¬ 
sels. Branches of the subscapular vessels arc the thoraco¬ 
dorsal, caudal circumflex humeral, and circumflex scap¬ 
ular vessels. A lateral branch of the circumflex scapular 
artery gives off the nutrient artery of the scapula. 

After giving off the cranial circumflex humeral ves¬ 
sels, the axillary vessels continue as the brachial artery 
and vein. As they descend the arm they detach the deep 
brachial vessels caudally and then, on opposite sides, the 
collateral ulnar vessels caudally and the bicipital vessels 
cranially (Fig. 1.34). The transverse cubital vessels are 
given off cranially and pass distolatcral under the biceps 
brachii and hrachialis muscles to rhe cranial aspect of 
the cubital joint. Tbe nutrient artery of the humerus may 
come from the first part of the collateral ulnar artery, 
or it may arise from the brachial artery. 

Blood is supplied to the medial and cranial muscles 
of rhe shoulder by branches from the costocervical trunk, 
deep cervical artery, and superficial cervical artery. The 
latter vessel sends a prescapular branch through the su¬ 
perficial cervical lymphocenter and a deltoid branch that 
courses across the suhclavius muscle to course eventually 
in the lateral pectoral grcxjve with the cephalic vein. 

Lymphatic Drainage 

Cubital and proper axillary lymph nodes and the axil¬ 
lary lymph nodes of the first rib make up the axillary 
lymphocenter. 

Lymphatic vessels from structures distal to the elbow 
are afferent to the cubital lymph nodes, a group of sev¬ 
eral small nodes of varying sizes located just proximal 
to the cubital joint, medial to the brachial vessels and 
median nerve, caudal to the biceps brachii, and cranial to 
the tensor fasciae antehrachii muscle (Fig. 1.34). F.ffercnt 
vessels from the cubital lymph nodes end as afferent ves¬ 
sels to the proper axillary lymph nodes, an aggregate of 
many small lymph nodes on the medial surface of the 
teres major muscle adjacent to the origin of the subscap¬ 
ular artery. Other lymphatic vessels afferent to the 
proper axillary lymph nodes come from the muscles of 
the arm and shoulder and from the skin over rhis region, 
and from the adjacent ventrolateral trunk. Efferent ves¬ 
sels from the proper axillary lymph nodes carry lymph 
to the several small axillary lymph nodes of the first rib. 
From these nodes efferents go to the nearby caudal deep 
cervical lymph nodes. 

Lymphatic vessels from the skin of the entire thoracic 
limb, neck, and dorsolateral trunk, several muscles of 
the shoulder, arm, and forearm, and the phalangeal, car¬ 
pal, and shoulder joints arc afferent to the lymph nodes 
of the superficial cervical lymphocenter on the cranial 
border of the suhclavius muscle (Fig. 1.32), complement¬ 
ing the lymphatic drainage afforded by the numerous 
lymph nodes of the three groups making up the axillary 
lymphocenter. Efferent lymphatic vessels from the super¬ 


ficial cervical lymph nodes terminate in the caudal deep 
cervical lymph nodes or by entering the common jugular 
vein. 11 * 

Stay Apparatus of the Thoracic Limb 

In the standing position, interacting muscles, tendons, 
and ligaments making up the stay apparatus of rhe tho¬ 
racic limb fix the alignment of the bones of the man us, 
suspend the fetlock, lock the carpus, and stabilize the 
elbow and shoulder joints. This complex of structures 
functions almost entirely as a passive, automatic, force- 
resisting system. w It permits the horse to stand (and 
sleep) with a minimum of muscular activity. The follow¬ 
ing paragraphs detail the functional structures of the stay 
apparatus (Fig. 1.36). 

The four palmar ligaments stretched tightly across the 
pastern joint, the straight distal sesainoidean ligament 
attached to the complementary cartilage of the middle 
phalanx, and the deep digital flexor tendon stabilize the 
pastern joint and prevent its overextension. Under ten¬ 
sion in the standing position, the superficial digital flexor 
tendon forestalls flexion by exerting palmar force on the 
joint. 

The suspensory apparatus of the fetlock is a ligamen¬ 
tous continuum extending from the proximal end of the 
third metacarpal bone to the proximal and middle pha¬ 
langes. It consists of the suspensory ligament (M, intcros- 
seus medius), metacarpointerscsamoidean ligament and 
the embedded proximal sesamoid bones, and the distal 
sesamoidean ligaments. The superficial and deep digital 
flexor tendons and their accessory (check) ligaments acr 
as a functional unit because of the intimate fascial bind¬ 
ing of the tendons. 3 ' They assist the suspensory appara¬ 
tus of the fetlock in suspending the fetlock and prevent¬ 
ing excessive overextension of the metacarpophalangeal 
joint and collapse of the fetlock during weight bearing, 
especially on impact.' Disruption of the suspensory lig¬ 
ament alters its support of the fetlock, resulting in sink¬ 
ing or hyperextension of the fetlock. 11 The dorsally posi¬ 
tioned common digital extensor tendon contributes to 
stabilizing the fetlock and digit. 

Stabilization of the carpus is provided by the configu¬ 
ration of the joint surfaces of the carpal bones, the pal¬ 
mar carpal ligament, and the collateral ligaments. Pal- 
marly, rhe digital flexor tendons bridging the carpus in 
the carpal canal between their respective accessory liga¬ 
ments and, dorsally, the extensor tendons, principally 
the extensor carpi radial is tendon attaching to the meta¬ 
carpal tuberosity, lend further stability to the carpus. 

A certain amount of muscle tone prevails in all “rest¬ 
ing" muscles of the limb. The superficial and deep digital 
flexor muscles apparently serve as prestiffeners and dam¬ 
pers throughout the support phase, being most signifi¬ 
cant during loading of the limb. 18 Tension exerted by 
the long head of the triceps hrachn muscle is essential to 
prevention of flexion of the cubital joint and collapse 
of the forelimb. Flexion of the cubital joint is further 
limited by the muscle belly and fibrous components of 
the superficial digital flexor muscle descending from its 
attachment of the medial epicondvlc of the humerus. 1 
Collateral ligaments and the radial tendon of the biceps 
brachii muscle help stabilize the cubital joint. 
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Figure 1.36 Slay apparatus of left thoracic limb. 
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A tendinous continuum extending from the supraglc- 
noid tubercle to the metacarpal tuberosity is formed by 
the main tendon of the biceps brae hi i muscle and its 
superficial tendon (lacertus tibrosus), which joins the 
tendon of the extensor carpi radialis muscle. This com* 
plex prevents flexion of the shoulder joint caused by the 
weight of the trunk via the scapular attachments of the 
serratus ventralis muscle and the dorsoscapular liga¬ 
ment, Additionally, the tendon of the extensor carpi radi- 
aiis opposes flexion of the carpus. 

Growth Plate (Physoal) Closure 

Several investigators have reported on closure times 
for the growth plates (physcs or epiphyseal cartilages) 
of the bones in equine limbs. 1 s Table 1.1 summarizes the 
ranges of reported closure times based on examination of 
radiographs and gross and microscopic specimens. 

PELVIC LIMB 
Digit and Fetlock 

The hindfoot is somewhat smaller than the forefoot, 
reflecting the shape of the contained distal phalanx. The 
plantar processes of this bone are closer together and not 
as well developed; the plantar surface is more concave. 
It has been commonly reported that, compared to the 
fore hoof, the angle of the toe of the hindhoof is slightly 
greater, in one study ranging from 52 to 62 s with an 
average 55.4° (Wright C, unpublished data, 1983). To 
achieve parallelism between the dorsal surface of the 
hoof wall and the dorsal surface of the pastern in the 
hind digits of most horses, it is recommended that the 
hooves be trimmed between 53 and 57°. 1 Within the hind 
pastern, the middle phalanx is narrower and longer and 
the proximal phalanx somewhat shorter than their coun¬ 
terparts in the thoracic limb (Fig. 1.37). 

The long digital extensor muscle’s tendon attaches to 
the dorsal surfaces of the proximal and middle phalanges 
and the extensor process of the distal phalanx, but the 
tendon of the lateral digital extensor usually does not 
attach to the proximal phalanx as it does in the thoracic 


Table 1,1 RANGES OF GROWTH PLATE 
(PHYSEAL) CLOSURE TIMES IN EQUINE 
THORACIC LIMBS 18 


Scapula 


Third metacarpal bone 

Proximal 4 

36+ mo. 

Proximal 

Before birth 

Distal 

9-18 mos. 

Distal 

6-18 mos. 

Humerus 


Proximal phalanx 

Proximal 

26-42 mos. 

Proximal 
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Distal 
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Distal 
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limb. Digital flexor tendons, tendon sheaths, and bursae 
of the hind digit are not remarkably different. The sus¬ 
pensory apparatus of the fetlock and the configuration 
of the fetlock (metatarsophalangeal) joint arc much the 
same as in the thoracic limb, except that the dorsal artic¬ 
ular angle of the fetlock is approximately 5° greater at 
145°. 

Blood Vessels and Nerves of the Hind Digit and 
Fetlock 

The principal blood supply to the fetlock and digit 
of the pelvic limb is derived from the distal perforating 
branch (the continuation of dorsal metatarsal artery III), 
which supplies branches to the distal deep plantar arch 
and then bifurcates into medial and lateral digital arteries 
in the distoplantar region of the metatarsus. A small sec¬ 
ondary supply is contributed by the medial and lateral 
plantar arteries that join the digital arteries to form the 
superficial plantar arch just proximal to the enlargement 
of the fetlock (Fig. 1.38). Distributing branches of the 
digital arteries form a pattern similar to that in the tho¬ 
racic limb except for the blood supply to the navicular 
bone. In contrast to all arteries of the proximal anasto¬ 
motic network originating from palmar arterial branches 
of the middle phalanx, in the pelvic limb the origin of 
the primary arteries is split between the plantar arterial 
branches of the middle phalanx and those of the collat¬ 
eral arch. More significantly, a greater number of vessels 
enter the distal border of the navicular bone from the 
distal anastomotic network in the hindfoot than enter 
the same region in the forefoot. 22 

Venous drainage of the digit of the pelvic limb is simi¬ 
lar to that of the forclimb. The medial digital vein carries 
blood to the plantar common digital vein II; the lateral 
digital vein carries blood to the plantar common digital 
vein III. 

The pattern of distribution of the sensory plantar digi¬ 
tal and plantar metatarsal nerves in the fetlock and digit 
of the pelvic limb is similar to the pattern of the counter¬ 
part nerves in the thoracic limb. But some differences 
exist. The dorsal branch of each plantar digital nerve is 
given off more distally than the corresponding branch 
in the pastern of the forelimb. Medial and lateral dorsal 
metatarsal nerves (from the deep peroneal nerve) course 
distad subcutaneously parallel and dorsal to the medial 
and lateral plantar metatarsal nerves (Figs. 1.38 and 
1.39). The lateral plantar metatarsal nerve is the shortest 
of these four nerves, extending distad over the fetlock 
to the lateral aspect of the pastern. The medial plantar 
metatarsal nerve mav reach the coronet; both dorsal met- 
atarsal nerves continue into the laminar corium. ’ Com¬ 
munications may exist between the dorsal and plantar 
metatarsal nerves. Terminal small branches of the saphe¬ 
nous nerve (medially), the superficial peroneal nerve 
(dorsally and laterally), and the caudal cutaneous sural 
nerve (dorsolateral)) ) complete the sensory innervation 
to the skin of the fetlock. 

Metatarsus 

The equine metatarsus is about 16% longer than the 
corresponding metacarpus, and the third (large) metatar- 
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Figure i .37 Bones of left pelvic limb. Lateral view. 
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Figure 1.38 Lateral view of left distal crus and pes Skin and 
some ol the fascia have been removed. 


sal bone is more rounded than the third metacarpal bone. 
The fourth metatarsal bone, particularly its proximal ex¬ 
tremity, is larger than the second metatarsal bone. 


Dorsal Aspect 

Three superficial nerves supply sensory innervation to 
the skin of the dorsal, lateral, and medial aspects of the 
metatarsus. Dorsally and laterally the two terminal 
branches of the superficial peroneal nerve descend as far 
as the fetlock. The terminal branch of the caudal cuta¬ 
neous sural nerve descends obliquely from the lateral 
aspect of the hock to course over the dorsolateral part 
of the third metatarsal bone, where it terminates in the 
skin of the fetlock. The terminal branch of the saphenous 
nerve supplies the medial skin of the metatarsus down 
to the fetlock. 

The dorsal common digital vein 11 (great metatarsal 
vein) ascends from a venous arch proximal to the proxi¬ 
mal sesamoid bones as the proximal continuation of the 
medial digital vein. At first, the dorsal common digital 
vein II lies along the medial border of the suspensory 
ligament, then in a groove on the proximal part of the 
dorsal surface of the third metatarsal bone to the hock, 
where it continues into the cranial branch of the medial 
saphenous vein (Fig. 1.39). The dorsal metatarsal vein 
II (middle metatarsal vein) is more central, lying medial 
to the long digital extensor tendon and continuing proxi- 
mad to join the cranial branch of the medial saphenous 
vein or, alternatively, the dorsal pedal vein. 

A small dorsal metatarsal artery II carries blood distad 
from the dorsal tarsal rete, coursing in the groove be¬ 
tween the second and third metatarsal bones. 

The tendon of the long digital extensor muscle ex¬ 
tends the length of the metatarsus on the dorsal surface 
of the third metatarsal bone beneath the skin and fascia. 
At the proximal third of the metatarsus, the long digital 
extensor tendon is joined by the tendon of the lateral 
digital extensor muscle. Rarely, the tendon of the lateral 
digital extensor courses separately to the proximal pha¬ 
lanx. The angle formed by the conjoined long and lateral 
digital extensor tendons is occupied by the thin, triangu¬ 
lar extensor digitorum brevis (short digital extensor) 
muscle. The short digital extensor originates on the lat¬ 
eral collateral ligament of the hock, the lateral tendon 
of the peroneus tertius muscle, and the middle extensor 
retinaculum. It inserts on the two large digital extensor 
tendons with which the short extensor acts. The short 
digital extensor is related deeply to the termination of 
the deep peroneal nerve as it bifurcates into the medial 
(II) and lateral (III) dorsal metatarsal nerves, the dorsal 
metatarsal artery III, and the distal part of the hock joint 
capsule; the dorsal metatarsal nerves send motor 
branches to the muscle. All digital extensor muscles are 
bound down by the distal extensor retinaculum in the 
proximal third of the metatarsus (Fig. 1.38). 

Emerging under the distal edge of the distal extensor 
retinaculum, the large dorsal metatarsal artery III (great 
metatarsal artery) pursues an oblique course distad to lie 
in the dorsolateral groove between the third and fourth 
metatarsal bones. The artery is accompanied by a very 
small satellite vein and the lateral dorsal metatarsal nerve 
that lies along the dorsal surface of the artery. The termi¬ 
nal branch of the caudal cutaneous sural nerve crosses 
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Figure 1.39 Medial view of left distal crus 
and pes Skin and some of the fascia have 
been removed. 
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superficial to the dorsal metatarsal artery III (Fig. 1.38). 
Distally the artery passes between the third and fourth 
metatarsal bones, continuing deeply as the distal perfo¬ 
rating branch. The distal perforating branch sends 
branches to the distal deep plantar arch, and then divides 
into medial and lateral digital arteries adjacent to the 
plantar aspect of the third metatarsal bone in the distal 
fourth of the metatarsus. The lateral dorsal metatarsal 
nerve remains superficial, courses dorsadistad to the fet¬ 
lock, and descends in the dorsal fascia of the pastern, 
eventually terminating in the laminar corium. 

The slightly larger medial dorsal metatarsal nerve sup¬ 
plies sensory fibers to the hock joint capsule and a motor 
branch to the short digital extensor muscle. The nerve 
emerges under the medial edge of the long digital exten¬ 
sor tendon, and then courses obliquely between the ten¬ 
don and the second metatarsal bone to be distributed 
distally in the same manner as the lateral dorsal metatar¬ 
sal nerve (Fig. 1.39). 

Lateral and Medial Aspects 

The lateral and medial plantar nerves lie plantar to 
their satellite veins and arteries along the respective lat¬ 
eral or medial border of the deep digital flexor tendon 
(Figs. 1,38 and 1.39). These nerves supply the lateral, 
medial, and plantar structures of the metatarsus. The 
lateral plantar nerve emerges between the two digital 
flexor tendons to reach their lateral borders. The nerve 
is heavily covered by fibrous connective tissue, and here 
it detaches its deep branch, the parent trunk of the deeply 
located lateral and medial plantar metatarsal nerves mat 
pursue courses homologous to the palmar metacarpal 
nerves in the forelimb. At about the midmetatarsus, the 
medial plantar nerve gives off the communicating branch 
that angles laterodistad across the superficial digital 
flexor tendon to join the lateral plantar nerve in the distal 
fourth of the metatarsus. The communicating branch is 
generally smaller than its counterpart in the metacarpus, 
and it mav be absent. 

4 

On each side the small medial and lateral plantar ar¬ 
teries course down to the distal end of the metatarsus, 
where they send branches to the respective digital arter¬ 
ies, forming the superficial plantar arch. The proximal 
deep plantar arch is supplied mainly by the proximal 
perforating branch from the dorsal pedal artery with 
minor contributing branches from the plantar arteries. 

Plantar Aspect 

The superficial digital flexor tendon is similar to the 
corresponding tendon in the metacarpus except that its 
lateral border is thicker. 12 The deep digital flexor mus¬ 
cle’s principal tendon is intimately related to the dor- 
somediaJ aspect of the superficial digital flexor tendon. 
In the proximal third of the metatarsus, the principal 
tendon is joined by the tendon of the long digital flexor 
muscle (the medial head of the deep digital nexor mus¬ 
cle). A weakly developed, slender accessory ligament 
(subtarsal or “inferior” check ligament) arises from the 
plantar aspect of the fibrous joint capsule of the hock. 
Longer than its counterpart in the forelimb, it joins the 
deep digital flexor tendon near the middle of the metatar¬ 
sus. This accessory ligament may be absent in horses. 


and it is usually absent in donkeys, mules, and ponies. 1 s 
The deep digital flexor tendon perforates the manica 
flexoria, a sleeve formed by the superficial digital flexor 
tendon at the level of the metatarsophalangeal joint. 

The suspensory ligament (middle or third interos¬ 
seous muscle) takes origin from a large area on the proxi¬ 
mal aspect of the third metatarsal bone and a smaller 
attachment on the distal row of tarsal bones. Lying 
within the metatarsal groove deep to the deep digital 
flexor tendon, the suspensory ligament of the hmdiimh 
is relatively thinner, more rounded and longer than the 
ligament of the forelimh. In some horses, c.g.. Standard- 
bred s, the suspensory ligament of the hindlimb contains 
more muscle than the suspensory ligament of the fore- 
limb/ 0 The two extensor branches pursue courses simi¬ 
lar to those in the forelimh. Small medial (second) and 
lateral (fourth) intcrossci and lumbricales muscles are 
present in the metatarsus. 

The medial and lateral plantar metatarsal arteries 
course distad under the suspensory ligament to the distal 
deep plantar arch. Their distribution is similar to the 
distribution of the palmar metacarpal arteries. Satellite 
veins accompany the arteries. The dorsal common digital 
vein II lies along the deep digital flexor tendon in the 
distal half of the metatarsus, then deviates across the 
medial surface of the third metatarsal bone to ascend 
across the tarsus as the cranial branch of the saphenous 
vein. 

Tarsus (Hock) 

The hones of the tarsus include the talus; calcaneus; 
and the central, first and second fused, and third and 
fourth tarsal bones (Fig. 1.34). Prnximally the trochlea 
of the talus articulates wirh the cochlear surface of the 
tibia in the tarsocrural (tibiotarsal I joint; distally the dis¬ 
tal row of tarsal hones and the three metatarsal bones 
articulate in the tarsometatarsal joint. Extensive collat¬ 
eral ligaments span the latter two joints and the intertar- 
sal joints. Blood vessels, nerves, and the tendons of digi¬ 
tal and crural muscles traverse and/or attach to the 
tarsus. 

Dorsal Aspect 

In the superficial fascia, the large cranial branch of 
the medial saphenous vein continues proximad from the 
dorsal common digital vein 11. It crosses the mediodorsal 
aspect of the tarsus, lying upon the dorsomedial pouch 
of the tarsocrural joint capsule (Figs. 1.40 and 1.42). 
An anastomotic branch joins the medial saphenous vein 
with the deeper cranial tibial vein just proximal to the 
tarsocrural ioint. The cranial tibia) vein is the proximal 
continuation of the dorsal pedal vein. The superficial 
peroneal nerve lies in the fascia lateral and parallel to 
the tendon of the long digital extensor muscle. A fibrous 
loop (the middle extensor retinaculum) leaves the lateral 
tendon of insertion of the peroneus (fibularis) tertius 
muscle, wraps around the long digital extensor tendon 
and its sheath, and attaches to the calcaneus. The thick 
dorsal part of the tarsal fascia joins the long digital exten¬ 
sor tendon just distal to the tarsometatarsal joint. The 
tendon’s synovial sheath extends from the level of the 
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Figure 1.40 Dorsal dissection of right tarsus. The iong digital The lateral tendon of the peroneus tertius muscle is sectioned, 

extensor and short digital extensor muscles have been removed Notice its [unction with the middle extensor retinaculum. 


lateral tibial malleolus distad nearly to the junction of 
the tendon with the tendon of the lateral digital extensor 
muscle (Fig. 1.38), The long digital extensor tendon is 
located just lateral to the palpable medial ridge of the 
trochlea of the talus. The proximal part of the extensor 
digitorum brevis muscle covers the tarsal joint capsule, 
the lateral tarsal artery (which supplies the muscle), the 
dorsal pedal artery continuing into the dorsal metatarsal 
artery III, and the termination of the deep peroneal nerve 
as it bifurcates into the two dorsal metatarsal nerves (Fig. 
1.40). 

As it crosses the dorsal surface of the tarsocrural joint 
and onto the tarsus, the tendon of the peroneus tertius 


muscle is superficial to the tendon of the tibialis cranialis 
muscle (Figs. 1.40,1.41,1.42, and 1.43). Then the tendon 
of the peroneus tertius forms a sleevelike cleft through 
w hich the tendon of the tibialis cranialis and its synovial 
sheath pass. The latter tendon then bifurcates into a dor¬ 
sal tendon, which inserts on the large metatarsal bone, 
and a medial {cunean) tendon, which angles mediodistad 
under the superficial layer of the long medial collateral 
ligament of the hock to insert on the first tarsal bone. A 
large bursa is interposed between the cunean tendon and 
the long medial collateral ligament. 

After forming the cleft that admits passage of the tibi¬ 
alis cranialis tendon, the peroneus tertius divides into 
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Figure 1.41 Dissection of left distal crus, tarsus, and metatarsus Medial view. 
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Flgur* 1.42 Medial view of left tarsus. The long medial collateral ligament has been cut and reflected. The 

sheath of the long digital flexor tendon has been opened. 


r 


two tendons. The dorsal tendon passes under the cunean 
tendon and inserts on the third tarsal bone and the third 
metatarsal bone medial to the dorsal tendon of the tibi¬ 
alis cranialis muscle (Fie. 1.40). The lateral tendon of the 
peroneus tertius extends distad deep to the long digital 
extensor tendon, blends with the middle extensor reti¬ 
naculum, and continues latcrad distal to the lateral ridge 
of the trochlea of the talus. The lateral tendon then bifur¬ 
cates and inserts on the calcaneus and the fourth tarsal 
bone (Fig. 1.46). 

The main blood supply to the pes (tarsus, metatarsus, 
and digit), the cranial tibial artery, continues as the dor¬ 
sal pedal artery at the level of the tarsocrural joint (Fig. 
1.40). Small branches from the dorsal pedal artery form 
the dorsal tarsal rete in the tarsal fascia. Medial and 
lateral tarsal arteries are small vessels arising from the 


dorsal pedal artery and supplying their respective sides 
of the tarsus. Before continuing as the dorsal metatarsal 
artery 7 ID, the dorsal pedal artery gives off the proximal 
perforating branch (a. tarsea perforans) which traverses 
the vascular canal formed by the central, third, and 
fourth tarsal bones. This branch supplies the proximal 
deep plantar arch. Satellite veins accompany the arteries. 


Lateral Aspect 

Innervation to the lateral aspect of the tarsus is pro¬ 
vided by branches from the caudal cutaneous sural nerve 
as it courses superficial to the calcaneus, and from the 
more dorsally located superficial peroneal nerve (Fig. 
1.38). 
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Figure 1.43 Dorsal view of a dissection of nght stifle, crus, and The terminal section of the superficial peroneal nerve (arrow) has 

tarsus. The long digital extensor muscle belly has been removed been removed with the fascia 
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Surrounded by its tendon sheath, the tendon of the 
lateral digital extensor muscle is bound bv a fibrous band 
in a groove in the lateral malleolus of the tibia. It then 
traverses a passage through the long lateral collateral 
ligament of the tarsus as the tendon angles dorsodistad. 
A synovial sheath enfolds the tendon from just proximal 
to the lateral malleolus to halfway between the edge of 
the distal extensor retinaculum and the tendon's junction 
with the long digital extensor tendon. Plantar to the lat¬ 
eral extensor tendon, the lateroplantar pouch of the tar- 
socrural joint capsule protrudes between the lateral mal¬ 
leolus and the calcaneus. 


Medial Aspect 

A horny chestnut, the presumed vestige of the first 
digit, is located in the skin on the distomedial aspect of 
the tarsus. Branches from the cranial and caudal 
branches of the saphenous nerve and from the tibial 
nerve supply sensory innervation to the medial aspect of 
the tarsus. The large cranial branch of the medial saphe¬ 
nous vein courses subcutaneously in a distoproximal di¬ 
rection, superficial to the dorsomedial pouch of the tar- 
socrural joint capsule (Fig. 1.33). At the level of the me¬ 
dial malleolus of the tibia, it sends an anastomotic 
branch deeply to the cranial tibial vein. The caudal 
branch of the medial saphenous vein receives blood from 
branches m the medial and plantar regions of the hock. 

A palpable feature of the medial aspect of the hock 
is the medial (cuncan) tendon of the tibialis cranialis 
muscle as it goes to its insertion on the first tarsal bone. 
The bursa between the cunean tendon and the distal part 
of the long medial collateral ligament of the tarsus is not 
normally palpable (Fig. 1.41). The tendon of the long 
digital flexor (medial head of the deep digital flexor mus¬ 
cle) passes through a fascial tunnel plantar to the medial 
collateral ligament. A synovial sheath surrounds the ten¬ 
don from the distal fourth of the tibia to the tendon's 
junction with the main tendon of the muscle. A compart¬ 
ment of the tarsocrur.il joint capsule, the medioplantar 
pouch, is located a short distance plantar to the long 
digital flexor tendon and proximal to the sustentaculum 
tali of the calcaneus at the level of the medial malleolus. 

The tarsal fascia thickens into a flexor retinaculum, 
bridging the groove on the sustentaculum tali of the cal¬ 
caneus to form the tarsal (flexor) canal containing the 
principal tendon of the deep digital flexor muscle (Fig. 
1.42). The tendon’s synovial sheath, the tarsal sheath, 
extends from a level proximal to the media) malleolus to 
the proximal fourth of the metatarsus (Fig. 1.39). After 
joining the anastomotic branch of the caudal tibial artery- 
just proximal to the tarsus, the now enlarged saphenous 
artery (really a common trunk of the two vessels) contin¬ 
ues distad with the tendon (Fig. 1.41). The trunk bifur¬ 
cates into medial and lateral plantar arteries. Medial and 
lateral plantar nerves from the tibial nerve in the distal 
crural region also accompany the principal deep digital 
flexor tendon, lying lateral to the tendon in the tarsal 
canal (Fig. 1.41). At the level of the tarsometatarsal joint, 
the medial plantar nerve and artery cross obliquely over 
the plantar surface of the deep digital flexor tendon 
to the tendon’s medial border. 


Plantar Aspect 

In the distal third of the crus, the tendon of the superfi¬ 
cial digital flexor muscle curls around the medial side 
of the tendon of the gastrocnemius muscle to become 
superficial as the tendons approach the calcaneal tuber 
(T ig. 1.39). The superficial digital flexor tendon flattens, 
and is joined by the flat tarsal tendons of the biceps femo- 
ris and semitendinosus muscles. This tendinous complex 
attaches to the point and sides of the calcaneal tuber. 
The tendon proper of the superficial digital flexor then 
narrows and continues distad superficial to the long 
plantar ligament. The calcaneal tendon of the gastrocne¬ 
mius lies deep (dorsal) to the superficial digital flexor at 
the hock, and inserts on the plantar surface of the calca¬ 
neal tuber, An elongated bursa is interposed between the 
two tendons just above the tarsus. A smaller bursa is 
present between the superficial digital flexor tendon and 
the calcaneal tuber. These two bursae usually communi¬ 
cate across the lateral surface of the gastrocnemius ten¬ 
don. 4 An inconstant subcutaneous bursa may develop 
over the superficial digital flexor at the level of the calca¬ 
neal tuber. 

Dorsolateral to the superficial digital flexor, the long 
plantar ligament is attached to the plantar surface of the 
calcaneus, terminating distally on the fourth tarsal bone 
and the proximal extremity of the fourth metatarsal bone 
(Fig. 1.45). 

Tarsal Joint (Hock Joint) 

The principal component of the composite tarsal joint 
is the tarsocrural joint, a ginglymus based on the shape 
of the articular surfaces or a snap joint based on the 
snapping movement of the joint into or out of extension. 
Deep grooves on the cochlear articular surface of the 
distal end of the tibia articulate with the doubly extensive 
surface of the trochlea of the talus at an angle of 12 
to 15° dorsolateral to the limb's sagittal plane. 1 s The 
interarticular and tarsometatarsal joints are plane joints 
capable of only a small amount of gliding movement. 

A long collateral ligament and three short collateral 
ligaments bind each side of the equine hock. * ’ The long 
lateral collateral ligament, oval in cross section, extends 
from the lateral malleolus of the tibia caudal to the 
groove for the tendon of the lateral digital extensor. It 
attaches distally to the calcaneus, fourth tarsal bone, 
talus, and the third and fourth metatarsal bones (Figs. 
1.44 and 1.45). The fascial tunnel for the tendon of the 
lateral digital extensor muscle blends into the dorsal bor¬ 
der of the long lateral collateral ligament. In the foal 
this runnel is a structure separate from the long lateral 
collateral ligament. 4 “ The three short lateral col lateral 
ligaments are fused proximally where they attach to the 
lateral malleolus, cranial to the groove for the lateral 
digital extensor tendon. The superficial component, its 
fibers spiraling 180°, attaches distoplantarly to both the 
talus and calcaneus, whereas the middle and deep short 
lateral collateral ligaments attach solely on the lateral 
surface of the talus (Fig. 1.45). 

The long medial collateral ligament of the hock has 
less well-defined borders than its lateral counterpart. 49 
From its proximal attachment on the medial tibial nuille- 
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Figure 1.44 Dorsal view of tarsal ligaments. Right tarsus. 


olus cranial to the groove for the long digital flexor mus¬ 
cle, the long media) collateral ligament extends disrad 
and divides into two layers along its dorsal border on a 
plane with the proximal edge of the cuncan bursa (Figs. 
1.42 and 1.44). The superficial layer goes over the medial 
(cunean) tendon of the tibialis cranialis muscle and at¬ 
taches to the fused first and second tarsal bones and the 
proximal ends of the second and third metatarsal bones 
just distal to the distal edge of the cunean bursa. The 
deep layer attaches distally to the distal tuberosity of the 
talus and the central and third tarsal bones. The plantar 
edge of the ligament attaches to the deep fascia over the 
sustentaculum tali and the interosseous ligament be¬ 
tween the second and third metatarsal bones. Fascia 
from the plantar edges of the long medial collateral liga¬ 
ment and superficial short medial collateral ligament 
combines with fascia covering the sustentaculum tali to 
form the runnel for the long digital flexor tendon. 


The flat superficial short medial collateral ligament 
extends from the medial tibia! malleolus to the tuberosi¬ 
ties of the talus and the ridge between them (Fig. 1.42). 
The middle short medial collateral ligament extends 
obliquely from the medial tibia! malleolus to the susten¬ 
taculum tali and central tarsal hone. It lies on the medial 
surface of the talus between the two tuberosities, varying 
in position during movement of the joints. The smallest 
component, the deep short medial collateral ligament, 
courses from the distal edge of the medial tihial malleolus 
obliquely to the ridge between the two tuberosities of 
the talus. 

A dorsal tarsal ligament fans out distad from the distal 
tuberosity of the talus and attaches to the central and 
third tarsal bones and the proximal extremities of the 
second and third metatarsal bones (Fig. 1.44). A plantar 
tarsal ligament attaches to the plantar surface of the cal¬ 
caneus and fourth tarsal hone and the fourth metatarsal 
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crural sac. The distal mtertarsal sac provides synovial 
fluid for the joints between the central tarsal and contig¬ 
uous bones distally and on each side. Except for hocks 
with fused central and third tarsal bones, communica¬ 
tions may exist between the distal intertarsal and tarso¬ 
metatarsal joints. In 8.3 to 23.8% of cases studied (de¬ 
pending on the technique employed), communications 
have been demonstrated , 42 Injected materials move 
through the space between the third tarsal and the fused 
first and second tarsal bones. The tarsometatarsal joint 
and joints formed by the third tarsal with the bones on 
each side are lined by the tarsometatarsal sac, 1K 

Movements of the Tarsocrural Joint 

The tarsocrural joint is flexed by contraction of the 
tibialis cram alts muscle and the passive pull of the tendi¬ 
nous peroneus tertius muscle. Contraction of the gas¬ 
trocnemius, biceps femoris, and semitendinosus muscles 
and the passive pull of the tendinous superficial digital 
flexor muscle extend the joint. By virtue of its attach¬ 
ments in the extensor fossa of the femur proximally, and 
on the lateral aspect of the tarsus and dorsal surface of 
the third metatarsal bone distally, the peroneus tertius 
passively flexes the tarsocrural joint when the femorotib- 
ial joint is flexed. The superficial digital flexor muscle 
originates in the supracondyloid fossa of the femur and 
inserts first on the calcaneal tuber. This part of the super¬ 
ficial digital flexor serves to passively extend the tarso¬ 
crural joint when the femorotibial joint is extended. The 
two tendinous, passively functioning muscles constitute 
the reciprocal apparatus (Fig. 1.46). 

In the standing position, the dorsal articular angle of 
the hock is around 150°. lK During flexion of the tarso¬ 
crural joint, the pcs is directed slightly laterad, owing to 
the configuration of the joint. Approximately one-third 
of the distance from the point of maximum extension to 
the point of maximum flexion, a snapping motion occurs 
influenced through tension exerted by the three short 
medial collateral ligaments."* 4 

Crus (Leg or Gaskin) 

The crus or true leg is the region of the hindlimb con¬ 
taining the tibia and fibula. Thus it extends from the 
tarsocrural joint to the femorotibial joint. The trans¬ 
versely flattened proximal end of the fibula articulates 
with rhe lateral cond> le of the tibia. Distally the fibula 
narrows to a free end, terminating in the distal one-half 
to two-thirds of the crus as a thin ligament (Figs. 1.37 
and 1.46). An interosseous ligament occupies the space 
between the two bones. The cranial tibial vessels pass 
through the proximal part of the ligament. 

Beneath the skin and superficial fascia a heavy crural 
fascia invests the entire leg region. The superficial layer 
of the deep crural fascia is continuous with the femoral 
fascia; the middle layer is continuous with tendons de¬ 
scending from the thigh. In several places the two layers 
arc inseparable. The crural fascia blends with the medial 
and lateral patellar ligaments and attaches to the cranial 
and medial surfaces of the tibia in the middle of the leg. 
Caudally the crural fascia forms the combined flat tarsal 
tendons of the biceps femoris and semitendinosus mus¬ 


cles that attach with the superficial digital flexor tendon 
to the calcaneal tuber. Under the two common fasciae, 
a deeper layer covers the muscles of the leg. Laterally 
an intermuscular septum passes between the long digital 
extensor and lateral digital extensor muscles; another 
septum passes between the lateral digital extensor and 
the deep digital flexor muscles. 

Cranial Aspect 

The belly of the long digital extensor muscle is a 
prominent structure beneath the skin on the cranjolateral 
aspect of the crus. It originates in common with the pero¬ 
neus tertius muscle from the extensor fossa of the femur, 
the common tendon descending through the extensor 
sulcus of the tibia. The long digital extensor muscle is 
related deeply to the tendinous peroneus tertius and the 
fleshy tibialis cranialis muscles, and caudally to the lat¬ 
eral digital extensor muscle from which it is separated 
by the distinct intermuscular septum. The superficial pe¬ 
roneal nerve courses distad in the groove between the 
digital extensor muscles, and angles craniad toward the 
hock. Deeply, the deep peroneal nerve courses distad be¬ 
tween the two muscles on the cranial surface of the inter¬ 
muscular septum. At its origin the nerve sends branches 
to the digital extensor muscles and the peroneus tertius 
and tibialis cranialis muscles (Figs. 1.43 and 1.47). 

Deep to and intimately associated with the peroneus 
tertius, the tibialis cranialis muscle covers the craniolat- 
eral surface of the tibia, originating from the hone’s tu¬ 
berosity, lateral condyle, and lateral border and from 
the crural fascia (Fig. 1.43). After it passes Through the 
interosseous space (between the tibia and fibula), the cra¬ 
nial tibial artery courses distad on the tibia deep to the 
tibialis cranialis muscle accompanied by two satellite 
veins. 


Lateral Aspect 

The caudal cutaneous sural nerve is derived princi¬ 
pally from the tibial nerve (Fig. 1.48). In company with 
the lateral saphenous vein, which empties proximally 
into the caudal femoral vein, the caudal cutaneous sural 
nerve courses across both heads of the gastrocnemius 
muscle. The nerve and vein then descend under the crural 
fascia and tarsal tendon of the biceps femoris muscle to 
the distal third of the crus, where the nerve penetrates 
the crural fascia and divides into several branches, one 
of which courses distad over the hock to the metatarsus 
(Fig. 1.38). The tibial tendon of the biceps femoris mus¬ 
cle sweeps across the proximal third of the lateral aspect 
of the crus to attach to the cranial border of the tibia. 
The tarsal tendon of the muscle extends to the calcaneal 
tuber. Deep to the terminal part of the middle belly of 
the biceps femoris, the common peroneal nerve crosses 
the lateral surface of the lateral head of the gastrocne¬ 
mius muscle and divides into superficial and deep pero¬ 
neal nerves (Fig. 1-47). Caudal to the two branches of 
the peroneal nerve, the lateral digital extensor muscle 
extends distad from its origins on the fibula, ioterosscus 
ligament, lateral surface of the tibia, and rhe lateral col¬ 
lateral ligament of the femorotibial joint. The lateral part 
of the deep belly (flexor digit I longus) of the deep digital 
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Figure 1.47 Superficial dissection of lateral aspect of left stifle, crus, and tarsus, 


Copyrighted material 















































58 Adams' Lameness in Horses 



Tendon of the gastrocnemius m. 


Caudal cutaneous sural n. fretracted) 


Common peroneal n. 

Popliteal lymph nodes 


Tarsal tendon of biceps femoris m. 


Long digital flexor m. 
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gastrocnemius m {cut) 


Lateral head of 
gastrocnemius m. (cut) 
Pophteus m. 


Superficial digital flexor m 


Tibialis caudalis m. 


Figure 1.48 Dissection of caudal aspect of right stifle and crus, revealing distribution of the tibial nerve 


flexor muscle lies caudal to the belly of the lateral digital 
extensor. 

The lareral head of the Gastrocnemius originates on 
the lateral supracondyloid tuberosity of the femur. 
Under the common crural fascia in the proximal half of 
the crus, the small sole us muscle extends from its origin 
on the fibula along the lateral aspect of the gastrocne¬ 
mius muscle to join the gastrocnemius tendon (Fig. 1.47). 

Medial Aspect 

Throughout most of its length, the medial surface of 
the tibia is subcuraneous (Fig. 139). Sensation is pro¬ 
vided to the medial and cranial aspects of the crus by 
numerous branches of the saphenous nerve ramifying in 
the superficial fascia. The distal continuation of the nerve 


follows the prominent cranial branch of the medial sa¬ 
phenous vein that angles obliquely across the medial sur¬ 
face of the tibia. Accompanied by the saphenous artery, 
the smaller caudal branch of the medial saphenous vein 
crosses medial to the belly of the long digital flexor mus¬ 
cle and joins the cranial branch of the vein superficial to 
the tibial attachment of the semitendinosus muscle. 

Deep to the crural fascia and caudal to the caudal 
branch of the medial saphenous vein, the tibial nerve 
descends with branches of the caudal femoral vessels. 
The tibial nerve is enclosed in its own fascial compart¬ 
ment, bifurcating about a hand’s breadth proximal to 
the level of the point of the calcaneal tuber into the me¬ 
dial and lateral plantar nerves. These nerves continue in 
close apposition distad to the tarsus, where they pursue 
their independent courses. 
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The caudal tibial vessels lie deep to the tendon of the 
long digital flexor as it angles distad. Distal to this rela¬ 
tionship, the anastomosis between the caudal tibial and 
saphenous vessels is located medial to the principal ten¬ 
don of the deep digital flexor muscle. Proximally, the 
medial head of the gastrocnemius muscle lies under the 
tendon of the senrhtendinosus. Then the tendon of the 
gastrocnemius begins to wrap around the tendon of the 
superficial digital flexor. 

Caudal Aspect 

Descending from their origins on the supracondyloid 
tuberosities or the femur, the two heads of the gastrocne¬ 
mius enclose the round, mostly tendinous superficial dig* 
ital flexor. The tendon of the latter wraps medially from 
deep to superficial around the gastrocnemius tendon. 
Deeply, the deep digital flexor muscle’s three heads origi¬ 
nate from the lateral condyle of the tibia, the interosseous 
ligament, the fibula, and the caudal surface of the tibia 
(Figs. 1.48 and 1.49). The long digital flexor muscle an- 

J fles from Lateral to medial in a groove between the pop- 
iteus muscle proximally and the flexor digiti 1 longus 
(the deep head) distal ly. The tibialis caudalis (superficial 
head) is continuous deeply with the deep head. In the 
distal third of the crus, the flat tendon of the superficial 
head joins the larger tendon of the deep head, whereas 
the tendon of the medial head (long digital flexor) pur¬ 
sues its course over the medial aspect of the hock to join 
the principal tendon in the metatarsus. 

Stifle (Genu) 

The stifle is the region including the stifle (genual) 
joint (femorotibial joint plus the femoropatellar joint) 
and surrounding structures. 

Cranial Aspect 

Cutaneous innervation of the cranial aspect of the sti¬ 
fle is provided by terminal branches of the lateral cuta¬ 
neous femoral nerve and lateral branch of the iliohypo¬ 
gastric nerve. 

Deep to the skin three patellar ligaments descend from 
the patella, converging to their attachments on the tibial 
tuberosity. An extensive pad of adipose tissue is inter¬ 
posed between the ligaments and the joint capsule of 
the femoropatellar joint (Fig. 1.43). The adipose tissue 
enfolds the ligaments, wrapping around their sides. The 
space between the medial and middle patellar ligaments 
is greater than the space between middle and lateral liga¬ 
ments. This difference reflects the origin of the medial 
patellar ligament. The parapatellar fibrocartilage is a 
large mass extending median from the patella in such a 
manner that its continuation, the medial patellar liga¬ 
ment, courses proximal and then medial to the medial 
ridge of the trochlea on the femur. The medial patellar 
ligament, now thinner than the other two patellar liga¬ 
ments, attaches to the tibial tuberosity medial to the 
groove. As it descends from the patella to the groove in 
the tibial tuberosity, two bursae lie under the middle 
patellar ligament. One lies between the proximal part of 
the ligament and the apex of the patella, and the other 


between the ligament and the proximal part of the 
groove. Swinging in mediad from the lateral aspect of the 
cranial surface <4 the patella, the lateral patellar ligament 
serves as an attachment for a tendon from the biceps 
femoris muscle and then for the fascia lata just before 
the ligament attaches to the lateral aspect of the tibial 
tuberosity. The tendon from the biceps femoris continues 
on to the cranial surface of the patella. 

The base, cranial surface, and medial border of the 
patella, and the parapatellar fibrocartilage and femoro¬ 
patellar joint capsule, serve as attachments for the inser¬ 
tions of the quadriceps femoris muscle. 

Lateral Aspect 

Beneath the skin, the terminal parts of the three divi¬ 
sions of the biceps femoris muscle (Fig. 1.50) and, cau¬ 
dal iv, the semitendinosus muscle (Fig. 1.51) dominate 
the lateral aspect of the stifle region. The tendon from 
the cranial division of the biceps femoris inserts on the 
lateral patellar ligament and the patella, and the tendon 
from the middle division of the muscle sweeps craniodis- 
tad to the cranial border of the tibia. Cranially, the fascia 
lata extends distad, attaching to the lateral patellar liga¬ 
ment (Fig. 1.52). 

Superficial innervation is supplied to this region by- 
branches from several nerves: lateral branches of the ilio¬ 
hypogastric and ilioinguinal nerves; the lateral cutaneous 
sural nerve originating from the common peroneal nerve 
and passing out between the middle and caudal divisions 
of the biceps femoris; the caudal cutaneous sural nerve 
(from the tibial nerve); and terminal branches of the cau¬ 
dal cutaneous femoral nerve (from the caudal gluteal 
nerve). 

Reflection of the distal part of the biceps femoris mus¬ 
cle reveals the following (Fig. 1.50): The lateral femoro¬ 
patellar ligament extends obliquely from the lateral epi- 
condyle of the femur to the lateral border of the patella. 
The lateral surface of the lateral head of the gastrocne¬ 
mius muscle is crossed by the common peroneal nerve 
and, further caudad, by the caudal cutaneous sural nerve 
and the lateral saphenous vein carrying blood to the cau¬ 
dal femoral vein. As it extends from the lateral epicon* 
dyle of the femur to the head of the fibula, the thick 
lateral collateral ligament of the femorotibial joint covers 
the tendon of origin of the popliteus muscle that also 
originates from the lateral epicondyle. A pouch from the 
lateral femorotibial joint capsule lies beneath the tendon. 
A common tendon of the long digital extensor and pero- 
neus tertius muscles takes origin from the extensor fossa 
in the distal surface of the lateral epicondyle of the femur. 
The tendon is cushioned as it extends distad by an elon¬ 
gated pouch from the lateral femorotibial joint capsule. 

Caudal Aspect 

Under the skin and fascia on the caudal aspect of the 
stifle (supplied by branches of the caudal femoral nerve) 
the caudal part of the biceps femoris muscle covers the 
lateral head of the gastrocnemius. The tibial tendon of 
the biceps femoris extends to the cranial border of the 
tibia, its tarsal tendon continuing distad (Fig. 1.53). The 
semitendinosus muscle sweeps from lateral to medial on 
the way to its insertion on the cranial border of the tibia 
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Figure 1.49 Deep dissection of caudal aspect of right stifle. Joint capsule of the temorotibial joint has been 

opened. 


and distad toward its tarsal insertion, covering the me¬ 
dial head of the gastrocnemius. The tendons of the 
smaller medial head and larger lateral head of the gas¬ 
trocnemius combine. At first, the tendon is related deeply 
to the tendon of the superficial digital flexor muscle. 

Separation of the two heads of the gastrocnemius 
muscle reveals the cordlike superficial digital flexor mus¬ 
cle that arises in the supracondyloid fossa of the femur 
between the two heads, its initial part enfolded by the 
lateral head. After detaching the caudal cutaneous sural 


nerve, the tihial nerve descends between the two heads of 
the gastrocnemius along the medial side of the superficial 
digital flexor. Branches from the tibial nerve supply the 
gastrocnemius, soleus, superficial digital flexor, deep 
digital flexor, and popliteus muscles (Fig. 1.48). The fem¬ 
oral artery and vein terminate by giving off the caudal 
femoral vessels and continuing as the popliteal vessels 
that descend between the two heads of the gastrocnemius 
and cross the caudal surface of the stifle joint (Fig. 1.49). 
Distal to the joint, the popliteal vessels divide into cranial 
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Biceps femoris m. (cut and reflected) 
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Lateral femorotibial 
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Tendon of popliteus m. 


Lateral head of 
gastrocnemius m. 

Common peroneal n. 


Figure 1.50 Deep dissection of lateral aspect of left stifle. Femoral and tibial condylar surfaces are indicated 

by dashed lines. 


and caudal tibial vessels. The larger cranial vessels, the 
main blood supply to the pes, deviate latcrad into the 
interosseous space between the tibia and fibula; the 
smaller caudal tibial vessels continue distad between the 
tibia and the popliteus muscle. 

The triangular popliteus muscle extends mediodistad 
from its origin on the lateral epicondyle of the femur 
(Fig. 1.48). The tendon of origin passes under the lateral 
collateral ligament of the stifle joint cushioned deeply by 
an extension of the lateral pouch of the femorotibial joint 
capsule (Fig. 1.50). The popliteus spreads out and inserts 
on the medial part of the caudal surface of the tibia prox¬ 
imal to the popliteal line, contacting the long digital 
flexor muscle. 

Medial Aspect 

Skin and fascia on the medial aspect of the stifle arc 
supplied by the saphenous and lateral cutaneous femoral 
nerves. The region is crossed by the saphenous vein, ar¬ 
tery, and nerve. Deep to the skin ana fascia crania I ly, 
the vastus medialis of the quadriceps femoris muscle at¬ 
taches to the parapatellar fibrocartilage, medial border 
of the patella, and medial patellar ligament. The straplike 
sartorius muscle attaches to the medial patellar ligament 
and the tibial tuberosity. Caudal to the sartorius, the 
wide gracilis muscle also attaches to the medial patellar 
ligament and to the medial collateral ligament of the fem¬ 
orotibial joint and the crural fascia (Fig. 1.51). 


A thinner medial collateral ligament of the femorotib¬ 
ial joint reaches from the medial epicondyle of the femur 
to just distal to the margin of the medial tibial condyle, 
detaching fibers to the medial meniscus (Fig. 1,51), The 
adductor muscle inserts on the ligament and the medial 
epicondyle. The medial femoropatellar ligament is also 
thinner than its lateral counterpart, blending with the 
femoropatellar joint capsule as the ligament extends 
from the femur proximal to the medial epicondyle to the 
parapatellar fibrocartilage. 

Stifle Joint 

Overall the two joints of the stifle, the femoropatellar 
and femorotibial joints, form a ginglymus. 

Femoropatellar Joint 

The patella is essentially a sesamoid bone intercalated 
in the termination of the quadriceps femoris muscle, with 
the three patellar ligaments making up the tendon of 
insertion. As indicated previously, thin femoropatellar • 
ligaments lend some collateral stability to the patella. 

A thin, voluminous joint capsule attaches peripheral 
to the edge of the femoral trochlea, whereas the patellar 
attachment is close to the edge of the patellar articular 
surface. A proximal pouch from the joint capsule pro- 
rrudes proximad under a mass of adipose tissue and the 
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Figure 1.S1 Deep dissection of medial aspect of left stifle. Tendon of adductor muscle has been incised !o 

reveal medial femorotibial ligament. 


disral part of the quadriceps femoris muscle. The distal 
extremity of the femoropatellar joint capsule contacts 
the femorotibial joint capsule. The vastus intermedius of 
the quadriceps femoris attaches, in part, to the femoro- 
patcllar joint capsule, acting to tense the capsule during 
extension of the femoropatellar joint. 

Even with the medial extension of the parapatellar 
fibrocartilage and a smaller lateral cartilaginous band, 
the articular surface of the patella is much smaller than 
the trochlear surface of the femur. The larger gliding 
surface of the trochlea accommodates the proximal-dis¬ 
tal movements of the patella. A wide groove separates 
the larger medial ridge of the trochlea from the smaller, 
slightly more distal lateral ridge, the two ridges deviating 
slightly laterad. Articular cartilage covers all of the large, 
rounded medial ridge that expands proximally; the carti¬ 
lage covering the more regularly rounded lateral ridge 
extends only part way over the lateral surface. Contact 
between the patella and trochlea changes as the patella 
moves proximad on its larger gliding surface during flex¬ 
ion of the stifle joint. The patella rolls on to its narrow 
distal articular surface (resting surface) as the parapatel¬ 


lar fibrocartilage maintains its tight relationship over the 
trochlea’s medial ridge as a result of tension exerted by 
the medial patellar ligament. The narrow craniodorsal 
surface of the proximal part of the trochlea may be 
termed its resting surface, 1 

Femorotibial Joint 

The femorotibial joint is complex, with the cranial 
and caudal cruciate ligaments lying between the joint 
capsule’s medial and lateral synovial sacs. Two fibrocar¬ 
tilaginous menisci intervene partially between the femo¬ 
ral and tibia! articular surfaces, thus partially subdivid¬ 
ing each sac. The joint capsule extends distad from a 
line about 1 cm from the proximal edge of the articular 
cartilage of the medial femoral condyle and closer to the 
articular cartilage of the lateral condyle, attaching to the 
peripheral borders of the menisci and then to the edges 
of tne articular surfaces of the tibial condyles. The fi¬ 
brous nan of the joint capsule is thick caudally, thin 
cranially. It also attaches to the cruciate ligaments. From 
the lateral sac, one extension encloses the tendon of ori- 
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Figure 1.52 Lateral view of right stifle and thigh, deep to the skin. 


gin of the popliteus muscle and another pouches distad 
under the common tendon of origin of the long digital 
extensor and peroneus tertius muscles. 

In a study of communications between the femoropa- 
tellar and femorotibial joints* anatomical communica¬ 
tion between the femoroparellar joint sac and the medial 
sac of the femorotibial joint was demonstrated in 65% 
of 46 stifles examined, 1 Communication existed be¬ 
tween the femoroparellar joint sac and both the medial 
and lateral sacs of the femorotibial joint in 17.5% of 
the joints examined, hut there was no communication 
between the femoropatellar joint sac and either sac of 
the femorotibial joint in 17,5%. Anatomical communi¬ 
cations between joints of the two stifles were bilaterally 
symmetrical. Functional communication indicated by 


dye penetration was present in 74% of 19 horses in 
which anatomical communication existed. This study 
suggests that* when performing intra-articular anesthe¬ 
sia, each synovial sac needs to be injected separately to 
ensure that anesthesia of the appropriate synovial sac is 
obtained. 1 The narrow, partially covered opening from 
the femoropatellar sac into the medial sac of the femoro¬ 
tibial joint is 10 to 15 mm long; the opening into the 
lateral sac is smaller. 

The two fibrocartilaginous menisci are somewhat 
crcsccnt-shapcd, being thicker peripherally and thinner 
along the concave edge. Their proximal surfaces are con¬ 
cave to accommodate the convexity of the femoral con¬ 
dyles. Distally they conform to the peripheral parts of 
the articular surfaces of the tibial condyles. Cranial and 


Copyrighted material 





















64 Adams' Lameness in Horses 


Gluteus superficiahs m, i caudal part, cut! 



Trochanteric bursa 


Tensor fasciae I a toe m, 


Gluteus superficiatis m. feat} 


Mass of the gluteus 
medius m fcut 
and section removedI 


Gluteus accessorius rn. 


Semttetidmnsus m 


Biceps 
femons m. 
(retracted) 


Fascia lata 


Figure 1.53 Dissection of tight thigh and hip. Most of the gluteus superficial^ and gluteus medius muscles 

have been removed. Lateral view. 


caudal ligaments attach each meniscus to the tibia, and 
a meniscofemoral ligament attaches the caudal aspect of 
the lateral meniscus to the caudal surface of the intercon¬ 
dyloid fossa of the femur (Fig. 1.49). 

In addition to the support rendered by medial and 
lateral collateral ligaments, the femur and tibia are joined 
by two cruciate ligaments that cross one another in the 
intercondyloid space between the two synovial sacs of 
the femorotihial joint. The caudal (or medial) cruciate 
ligament, the larger of the two, extends distucaudad 
from the cranial surface of the intercondyloid fossa to the 
popliteal notch of the tibia, crossing the medial aspect 
of the cranial (or lateral) cruciate ligament. Extending 


distocraniad from the lateral wall of the intercondyloid 
fossa, the cranial cruciate ligament attaches to a central 
fossa in the tibia I spine between the articular surfaces of 
the condyles. 

The stifle is supplied principally by branches of the 
descending genicular artery that originates from the fem¬ 
oral artery and descends toward the medial aspect of 
the stifle joint deep to the sartorius and vastus mcdialis 
muscles. 

Movements of the Stifle Joint 

In the standing position with resting surfaces of the pa¬ 
tella and trochlea in apposition, the caudal angle of the 
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stifle joint is around 150°. 18 The quadriceps femoris mus¬ 
cle is relatively relaxed in this position. Extension of the 
stifle joint through action of the quadriceps femoris, ten¬ 
sor fasciae latac, and cranial division of the biceps femoris 
muscles {plus passive traction exerted by theperoneus ter- 
tius) is limited by tension from the collateral and cruciate 
ligaments. There is minimal lateral rotation of the crus 
during full extension. Flexion of the joint by the semiten¬ 
dinosus, middle division of the biceps femoris, poplitcus, 
and gastrocnemius muscles, plus passive traction exerted 
by the superficial digital flexor, is limited only by the cau¬ 
dal muscle masses. During flexion the crus is rotated 
slightly mediad, and the femoral condyles and menisci 
move slightly caudad on the ribial condyles with some¬ 
what more movement on the lateral surfaces. 

When a horse shifts its weight more to one hindiimb, 
that limb flexes slightly as the contralateral relaxed limb 
is brought to rest on the toe. The pelvis is tilted so that 
the hip of the supporting limb is higher. The stifle on 
the supporting limb is looted in position owing to a slight 
medial rotation of the patella as the medial patellar liga¬ 
ment and parapatellar cartilage slip farther caudad on 
the proximal part of the medial trochlear ridge. This ac¬ 
tion moves the medial patellar ligament to a position 
about rwice as far from the cranial surface of the medial 
trochlear ridge as it was initially. A binding loop is thus 
completed with the middle patellar ligament. The locked 
position achieved by this configuration together with the 
support rendered by the other components of the stay 
apparatus minimizes muscular activity in the supporting 
limb while the relaxed contralateral hindiimb is resting. 
When the position is shifted, the patella snaps off the 
proximal part of the medial trochlear ridge. 

Thigh and Hip 

Extending from the hip to the stifle, the thigh includes 
the femur (femoral bone) and the structures around it. 
The region adjacent to and the muscles acting upon the 
coxal joint make up the hip (coxa). 

Lateral Aspect 

Cutaneous innervation is supplied to the lateral aspect 
of the thigh and hip by the lateral branches of the iliohy- 

f iogastric and ilioinguinal nerves, the caudal cutaneous 
emorai nerve, and the dorsal branches of the lumbar 
and sacra) nerves. n 

From caudal to cranial the superficial muscles of the 
lateral thigh and hip arc the semitendinosus, biceps fem¬ 
oris, gluteus superficial is, gluteus medius, and tensor fas¬ 
ciae latac. Both the semitendinosus and biceps femoris 
have ischiatic tuberal and vertebral origins. The semiten¬ 
dinosus attaches to the first and second caudal vertebrae 
and fascia of the tail, and the biceps femoris attaches to 
the dorsal sacroiliac ligament and the gluteal and tail 
fasciae. A prominent longitudinal groove marks the site 
of the intermuscular septum between the semitendinosus 
and the biceps femoris muscles. 

The strong gluteal fascia gives origin to and unites the 
long caudal head and the cranial head of the gluteus super- 
ficialis muscle. Attachment is also provided by the coxal 
tuber and adjacent ilium, and by the intermuscular sep¬ 


tum between the cranial head and the tensor fasciae lacae 
muscle. The two heads of the gluteus supcrficialis muscle 
unite in a flat tendon that attaches to the trochanter rertius 
of the femur. Extending caudad from the aponeurosis of 
the longissimus lumborum muscle, the large gluteus me¬ 
dius (middle gluteal) muscle forms most of the mass of the 
rump. The gluteus medius muscle also takes origin from 
the gluteal surface of the ilium, the coxal tuber and sacral 
tuber, the sacrotuberal and dorsal sacroiliac ligaments, 
and the gluteal fascia. Distally the muscle attaches to the 
summit of the greater trochanter (trochanter major), a 
crest distal to the greater trochanter, and the lateral 
greater surface of the intertrochanteric crest. 

The tensor fasciae latae muscle arises from the coxal 
tuber and fans out disrally to insert into the fascia lata. 
An intermuscular septum attaches the caudal part of the 
muscle to the cranial head of the gluteus supcrficialis. 
The fascia lata (which is also tensed by the biceps femo¬ 
ris) attaches to the patella and the lateral and middle 
a cellar ligaments (Fig. 1.52). The intermuscular septum 
etween the biceps femoris and semitendinosus, the 
septa between the three divisions of the biceps femoris, 
and a septum between the biceps femoris ana vastus lat¬ 
eralis all arise from the fascia lata. 

Deeply on the lateral aspect of the hip, the smaller 
deep part of the gluteus medius (the gluteus accessorius) 
has a distinct flat tendon that plays over the convexity 
of the greater trochanter on its way to attach on the crest 
distal to the trochanter. The large trochanteric bursa lies 
between the tendon and the cartilage covering the con¬ 
vexity (Fig. 1.53). The small gluteus profundus (deep 
gluteal) muscle is deep to the caudal part of the gluteus 
medius, arising from the ischiatic spine and body of the 
ilium and attaching on the medial edge of the convexity 
of the greater trochanter (Fig. 1.54). This muscle covers 
the hip (coxal) joint and parts of the articularis coxae 
and rectus femoris muscles. A bursa is commonly present 
under the tendon of insertion of the gluteus profundus. ’ 

The main head of the small, fusiform articularis coxae 
muscle arises from the ilium proximal to the lateral ten¬ 
don of the rectus femoris, ana a second head often takes 
origin between the lateral and medial tendons of the rec¬ 
tus femoris (Mg. 1.54). The articularis coxae extends 
over the lateral aspect of the hip joint to attach on the 
cranial surface of the femur. The muscle detaches fibers 
to the capsule of the hip joint. 

On the caudal side of the proximal part of the femur 
the gemelli, external obturator, and internal obturator 
muscles come from their respective origins on the is¬ 
chium, pubis, ilium, and wing of the sacrum to insert in 
the trochanteric fossa. The quadratus femoris muscle 
extends from the ventral aspect of the ischium to a line 
on the femur near the distal part of the lesser trochanter 
(trochanter minor). 

A broad sheet of dense white fibrous connective tissue, 
the sacrotuberal ligament, forms most of the lateral wall 
of the pelvic cavity, attaching dorsally to the sacrum and 
first two caudal vertebrae and ventrally to the ischiatic 
spine and ischiatic tuber. The ventral edge of the sacrotub¬ 
eral ligament completes the tissue-occluded lesser is¬ 
chiatic foramen and the cranial edge completes the greater 
ischiatic foramen. The dorsal sacroiliac ligament has two 
parts: a bandlike part extending from the sacral tuber to 
the summits of the sacral spines, and a triangular part oc- 
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Figure 1.54 Deep dissection of right hip. Lateral view. 


cupying the space between the sacral tuber and adjacent 
ilium and the lateral border of the sacrum and blending 
ventrally with the sacrotuberal ligament. 

Branches of the cranial gluteal vessels and the cranial 
gluteal nerve come through the greater ischiatic foramen 
to supply the gluteal muscles, the tensor fasciae latae, 
and the articularis coxae. The caudal gluteal vessels and 
nerve perforate the sacrotuberal ligament dorsal to the 
ischiatic nerve. The caudal gluteal nerve divides into two 
trunks. The dorsal trunk supplies branches to the biceps 
femoris, gluteus medius, and long head of the gluteus 
superficial is, and after supplying a branch to the semiren- 
dinosus, the ventral trunk continues as the caudal cuta¬ 
neous femoral nerve. The latter nerve goes through the 
biceps femoris and then outward between the biceps fem¬ 
oris and semitendinosus to branch subcutaneously over 
the lateral and caudal surfaces of the thigh and hip. Mus¬ 
cles in this region are supplied by branches from the cau¬ 


dal gluteal vessels, the caudal gluteal artery also forming 
anastomoses with the medial circumflex femoral, caudal 
femoral, and obturator arteries. In this region the inter¬ 
nal pudendal artery courses on the deep face and within 
rhe sacrotuberal ligament. Iliolumbar vessels (from the 
cranial gluteal vessels) course late rad between the iliacus 
muscle and the ilium, supplying branches to the iliopsoas 
and (ongissimus lumborum muscles. The vessels then go 
around the lateral border of the ilium and supply 
branches to the gluteus medius and tensor fasciae latae. 
The large, flat ischiatic (sciatic) nerve passes through the 
greater ischiatic foramen and courses ventrocaudad on 
the sacrotuberal ligament and then on the origin of the 
gluteus profundus. Turning distad, the ischiatic nerve 
passes over the gemelli, the tendon of the internal obtura¬ 
tor, and the quadratus femoris, supplying branches to 
these muscles. A large branch is detached from the deep 
side of the nerve. This branch supplies branches to the 
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semimembranosus and the tuberal heads of the biceps 
femoris and semi tend i nos us, and adductor medially, and 
to the biceps femoris laterally. After giving off the com¬ 
mon peroneal nerve, the tschiatic nerve continues distad 
as the tibia) nerve that passes between the two heads of 
the gastrocnemius muscle. 

Medial Aspect 

Cutaneous innervation to the medial aspect of the 
thigh is supplied by the lateral cutaneous femoral nerve; 
medial branches of the iliohypogastric, ilioinguinal, and 
genitofemoral nerves; and branches from the caudal cu¬ 
taneous femoral and saphenous nerves/ 1 

Accompanied by the small saphenous artery and the 
saphenous nerve, the large medial saphenous vein pur¬ 
sues a subcutaneous course cranioproximad on the cra¬ 
nial part of the gracilis muscle, then in between the graci¬ 
lis and sartorius muscles to join the femoral vein in the 
femoral canal. Beneath the medial femoral fascia the 
broad gracilis muscle covers most of the medial aspect 
of the thigh. It attaches proximally to the symphysial 
(prepubic) tendon, adjacent surface of the pubis, acces¬ 
sory femoral ligament, and middle of the symphysis pel¬ 
vis. The muscle belly ends distally by joining a wide thin 
tendon of insertion. A narrow sartorius muscle takes ori¬ 
gin from the tendon of the psoas minor muscle and iliac 
fascia and descends toward its insertion in the stifle, 
which blends with the tendon of the gracilis. 

Deep to the gracilis lies the cylindrical pcctineus mus¬ 
cle. It attaches proximally to the cranial border of the 
pubis, the symphysial tendon, and accessory femoral liga¬ 
ment. Distally the pectineus attaches to the medial border 
of the femur adjacent to the entrance of the nutrient artery 
(from the femoral or caudal femoral artery) into the nu¬ 
trient foramen. The femoral canal is delimited caudally by 
the pectineus, craniaily by the sartorius, laterally by the 
vastus medial is and iliopsoas (combined iliacusand psoas 
major muscles), and medially by the femoral fascia and 
cranial edge of the gracilis. The canal contains the femoral 
artery and vein, the saphenous nerve (from the femoral 
nerve) and an elongated group of several lymph nodes of 
the deep inguinal lymphocenter embedded in adipose tis¬ 
sue. Within the canal the saphenous nerve detaches a 
motor branch to the sartorius muscle (Fig. 1.55). 

Caudal to the pectineus and vastus medialis the thick, 
roughly prismatic adductor muscle extends from the ven¬ 
tral surface of the ischium and pubis and the origin of 
the gracilis muscle to the caudal surface of the femur, 
the medial femoral epicondyle, and the medial collateral 
ligament of the femorotibia) joint. The obturator nerve 
comes through the cranial part of the obturator foramen 
and external obturator muscle and branches to supply 
the external obturator, adductor, pectineus, and gracilis 
muscles (see Fig. 1.55), Branches from the obturator ar¬ 
tery (from the cranial gluteal artery) supply the muscles 
in this region. 

Cranial Aspect 

The quadriceps femoris, articularis coxae, and sarto¬ 
rius muscles are in the cranial part of the thigh and hip. 
The articularis coxae may also be viewed laterally; the 
sartorius, medially. In addition, the iliacus muscle 


crosses the cranial aspect of the hip where the muscle 
encloses the psoas major. Combined, they are termed the 
iliopsoas. The two muscles join in a common tendon that 
inserts on the lesser trochanter. The psoas major arises 
from the last two ribs and the lumbar transverse pro¬ 
cesses; the iliacus comes from the wing of the sacrum, 
ventral sacroiliac ligaments, sacropelvic surface of the 
ilium, and tendon of the psoas minor muscle. 

Three heads of the quadriceps femoris muscle (the 
vastus lateralis, vastus intermedtus, and vastus medialis) 
take origin from the shaft of the femur. The fourth head, 
the rectus femoris, originates from two tendons, one aris¬ 
ing from a medial depression on the ilium craniodorsal 
to the acetabulum, and one from a lateral depression 
(Fig. 1.54). A constantly occurring bursa is located under 
the lateral tendon/ 3 All four heads of the quadriceps 
femoris attach to the patella. Bursae occur commonly 
under the insertions of the rectus femoris, vastus later¬ 
alis, and vastus medialis. 

The femoral nerve passes between the psoas minor (a 
small muscle extending from the lumbar vertebral bodies 
to the ilium) and the psoas major, then between the ilio¬ 
psoas and sartorius muscles. It supplies branches to the 
iliopsoas (which also receives innervation from lumbar 
nerves) and to all heads of the quadriceps femoris. 

Caudal Aspect of the Thigh 

Innervation ro the caudal skin of the thigh and hip is 
provided principally by the caudal cutaneous femoral 
nerve. The caudal rectal nerve supplies a small part dor- 
sally. Deep to the skin and fascia, the main muscle mass 
is that of the semimembranosus. The semitendinosus and 
the caudal division of the biceps femoris relate to it lat¬ 
erally; the gracilis, medially. The long head of the semi¬ 
membranosus attaches to the caudal border of the sacro¬ 
tuberal ligament. The thicker short head attaches to the 
ventral part of the ischiatic tuber. The thick, roughly 
three-sided belly of the semimembranosus ends on a flat 
tendon that attaches to the medial femoral epicondyle. 

% 

Blood Supply to the Thigh 

Before the external iliac artery passes through the fem¬ 
oral ring to continue as the femoral artery, it gives off 
the deep femoral artery. This vessel courses between the 
sartorius and iliopsoas muscles and then between the 
latter muscle and the pectineus. After supplying small 
branches to the deep inguinal lymphocenter, the deep 
femoral artery gives oft the large pudendoepigastric 
rrunk. The trunk divides into the craniaily directed cau¬ 
dal epigastric artery and the external pudendal artery'. 
Beyond the pudendoepigastric rrunk, the deep femoral 
artery continues caudad ventral to the pubis as the me¬ 
dial circumflex femoral artery. The medial circumflex 
femoral artery supplies the iliopsoas, pectineus, external 
obturator muscles, the adductor (through which it 
passes), and the semimembranosus (where its branches 
end). Branches are also supplied to the deep inguinal 
lymphocenter and the gracilis and quadratus femoris 
muscles. Homonymous veins accompany the arteries. 

The femoral artery courses distad through the femoral 
canal related cauda lly to the femoral vein and craniaily 
to the saphenous nerve (Fig. 1.55). Within the canal the 
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Figure 1.55 Deep dissection of right hip. Ventromedial view of ligaments of the hip joint. 
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femoral artery gives off the lateral circumflex femoral 
artery. This artery passes craniodistad between the sarto- 
rius and iliopsoas muscles and then enters the quadriceps 
femoris, passing between the vastus medialis and rectus 
femoris. 

The femoral artery directly supplies branches to mus¬ 
cles in this region. At the distal end of the femoral canal, 
the saphenous artery leaves the femoral artery and passes 
out between the gracilis and sartorius muscles. This sub¬ 
cutaneous artery courses caudodistad, related caudallv 
to the much larger media) saphenous vein. The saphe¬ 
nous nerve accompanies the vessels as they course cau- 
dodistad over the tendon of the gracilis. At the level of 
the tendon of insertion of the semitendinosus, the saphe¬ 
nous artery and medial saphenous vein each divide into 
cranial and caudal branches. In its course the saphenous 
artery supplies the sartorius, gracilis, and adductor mus¬ 
cles as well as fascia and skin. 

The next branch of the femoral artery is the nutrient 
artery of the femur. Then the large descending genicular 
artery is detached from the cranial wall of the femoral ar¬ 
tery. In the distal third of the thigh, the descending genicu - 
lar artery courses distocraniad between the sartorius and 
vastus medialis and adductor, supplying these muscles 
and terminating in branches to structures of the stifle, in¬ 
cluding the femoropatellar and femororibia! joints. 

From its caudal wall the termination of the femoral 
artery gives off its last branch, the caudal femoral artery, 
and continues between the medial and lateral heads of 
the gastrocnemius as the popliteal artery (Fig. 1.49). The 
caudal femoral artery pursues a short course caudad, 
giving off muscular branches to the superficial digital 
flexor and gastrocnemius. A branch runs distad to the 
crus, where it joins a branch of the caudal tibia) artery. 
Then the caudal femoral artery divides into an ascending 
branch and a descending branch. The ascending branch 
courses proximad between the semimembranosus and 
adductor, supplying these muscles and sending branches 
to the lateral head of the gastrocnemius, vastus lateralis, 
biceps femoris, and semitendinosus muscles. The de¬ 
scending branch of the caudal femoral artery runs disto- 
caudad over the lateral head of the gastrocnemius in 
company with the lateral saphenous vein. Then the ar¬ 
tery changes direction and passes proximad between the 
semitendinosus and the biceps femoris supplying them 
and the small lymph nodes of the popliteal lympho- 
center. A branch may also course proximad adjacent to 
the ischiatic nerve and anastomose with a branch from 
the obturator artery. A distally coursing branch supplies 
branches to both heads of the gastrocnemius ana the 
superficial digital flexor and continues distad to join the 
saphenous artery (Fig. 1.41). 

Hip (Coxal) Joint 

The acetabulum of the os coxae (hip bone) is formed 
where the ilium, ischium, and pubis meet. The lunate 
surface of the acetabulum, a cotyloid cavity containing 
a deep nonarticular fossa, articulates with the head of 
the femur. The radius of curvature of the acetabulum is 
slightly greater than that of the femoral head. A fibrocar¬ 
tilaginous rim, the labium acetabulare, increases the 
bony margin of the acetabulum. The transverse acetabu¬ 
lar ligament continues from the la brum across the medi¬ 
ally located acetabular notch, binding two ligaments as 
they emerge from the fovea capitis of the femoral head 


(Fig. 1.55). The shorter ligament of the head of the femur 
comes from the narrow apex of the fovea and attaches in 
the pubic groove. The thick accessory femoral ligament 
arises from the wider, peripheral part of the fovea and 
passes out through the acetabular notch in a medial-cra- 
nial-ventral direction to be in the pubic groove. After 
giving partial origin to the gracilis and pectincus muscles, 
the accessory femoral ligament blends into the syraphys- 
ial (prepubic) tendon. Among domestic animals, the ac¬ 
cessory femoral ligament is peculiar to equids. 

In an average-sized horse the volume of the spacious 
hip joint capsule is around 50 mL/ 1 The joint capsule 
attaches to the la brum acetabulare and on the neck of 
the femur a few millimeters from the margin of the femo¬ 
ral head (Fig. 1.55), Within the joint the synovial mem¬ 
brane wraps around the ligaments. An outpockcting of 
the synovial membrane passes out through the acetabu¬ 
lar notch to lie between the accessory femoral ligament 
and the pubic groove. A small pouch also lies under the 
ligament of the head of the femur. The fibrous joint cap¬ 
sule is reinforced laterally and cranialty by thick tracts 
of collagenous fibers. It is intimately attached to the epi- 
mysium of the external obturator and deep gluteal mus¬ 
cles. Adipose tissue covers the capsule dorsally. The ar- 
ticularis coxae muscle is related to the lateral aspect of 
the hip joint, detaching some fibers to the joint capsule. 
During flexion of the coxal joint, the articularis coxae 
can serve to tense the joint capsule. 

Movements of the Coxal Joint 

Whereas the coxal joint isa ball-and-socket joint (enar- 
throsis) capable of very limited rotation, the principal 
movements are flexion and extension. In equids, abduc¬ 
tion of the thigh is restricted by the ligament of the head 
of the femur and the accessory femoral ligament. Adduc¬ 
tion is checked by the attachments of the gluteal muscles 
on the femur. In the normal standing position, the caudo- 
lateral part of the head of the femur lies outside the acetab¬ 
ulum, I he coxal joint is slightly flexed in this position, the 
cranial angle being around 115'. 1 * The range of motion 
between extreme flexion and extension is only 60°. 51 

Flexor muscles of the hip joint are the gluteus superfi- 
cialis, tensor fasciae latac, rectus femoris, iliopsoas, sar¬ 
torius, and pcctineus. Extensor muscles of the hip joint 
are the gluteus medius, biceps femoris, semitendinosus, 
semimembranosus, adductor, and quadratus femoris. 
Muscles adducting the thigh include the gracilis, sarto¬ 
rius, adductor, pectincus, quadratus femoris, and exter¬ 
nal obturator. Slight abduction is exerted on the thigh 
by all three gluteal muscles. The thigh is rotated laterad 
by the iliopsoas, external and interna) obturators, and 
thcgemclli. Medial rotation is accomplished through the 
combined action of the adductor and gluteus profundus 
muscles. 

Sacroiliac Joint 

Since it is provided with a joint capsule and since the 
roughened articular surfaces of the sacrum and ilium are 
covered with a minimal layer of hyaline cartilage, the 
nearly immovable sacroiliac joint is a synovial (di- 
arthrodia l) joint (Fig. 1.56). However, the joint cavity is 
just a slit, and it may be crossed by bands of dense white 
fibrous connective tissue. 1 " As the animal ages, the ap¬ 
posed surfaces become even rougher. The joint is stabi- 
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Figure 1.56 Photograph of sacroiliac joint (large arrow) and 
intertransverse joints (small arrows) in an osteoiogic preparation, 
Dorsocranial view. 


lized by the surrounding strong fibrous bands of the ven¬ 
tral sacroiliac ligament. 

Symphysis Pelvis 

The medial borders of pubis and ischium from each 
side meet vcntraily at the symphysis pelvis. In the young 
animal fibrocartilage joins the bones, letter in life a syn¬ 
ostosis is formed as the cartilage ossifies in a cranial to 
caudal sequence. 

Lymphatic Drainage 

Two lymphocentcrs are involved in the lymphatic 
drainage of the pelvic limb. The popliteal lyniphocemer 
consists of a few small deep popliteal lymph nodesembed- 
ded in adipose tissue between the biceps lemons and sem- 
itendinosus muscles adjacent to the tibia I nerve just before 
the nerve plunges distad between the two heads of the gas- 
trocnemius muscle (Fig. 1.49). They may he absent. The 
popliteal lymph nodes receive afferent lymphatic vessels 
from the pelvic limb distal to the lyniphocemer. Efferent 
lymphatic vessels course proximad to the deep inguinal 
lymphoccntcr in the femoral canal. 


Table 1.2 RANGES OF GROWTH PLATE (PHYSEAL) 
CLOSURE TIMES IN EQUINE PELVIC LIMBS 17 


Ilium, ischium, pubis 

10-12 mos. 

Secondary centers for crest, tuber coxae. 

4V 2 -5 yrs. 

ischiatic tuber and acetabular part of pubis 

Femur 

Proximal 

36-42 mos. 

Distal 

22-42 mos 

Tibia 

Proximal 

36-42 mos. 

Distal 

17-24 mos 

Fibula 

Proximal 

3V 2 yrs. 

Distal (lateral malleolus of tibia) 

3-24 mos 

Calcaneus 

19-36 mos. 


(Growth plats closure times lor bones distal to the tarsus are simitar to 
those distal to the carpus > 


In addition to receiving lymphatic vessels from the 
popliteal lymphoccntcr, the numerous lymph nodes of 
the deep inguinal lymphocenter (Fig. 1.55) receive affer¬ 
ent vessels from the caudal abdominal wall and superfi¬ 
cial inguinal lymph nodes. Efferent vessels from the deep 
inguinal lymphocenter are afferent to the medial iliac 
lymph nodes. 

Stay Apparatus of the Pelvic Limb 
(Fig. 1.57) 

The quadriceps femoris muscle and the tensor fasciae 
latae act to pull the patella, parapatellar cartilage, and 
medial patellar ligament proximad to the locked position 
over the medtal trochlear ridge of the femur when the 
limb is positioned to bear the weight of the caudal part 
of the trunk and the hip. Through the restraint of the 
components of the reciprocal apparatus (cranially, the 
peroncus tertius from the femur to the lateral tarsus and 
proximal metatarsus and, caudally, the superficial digital 
flexor from the femur to the calcaneal tuber) the tarsus 
is locked correspondingly. Minimal muscular activity as¬ 
sures continuation of this locked configuration, prevent¬ 
ing flexion of the stifle and tarsocrural joints. Distal to 
the hock the digital flexor tendons support the pes plan- 
tarly, the superficial digital flexor extending distad from 
rhe calcaneal tuber and, in the midmetatarsus, the deep 
digital flexor usually receiving the accessory (subtarsa) 
check) ligament of the deep digiral flexor tendon from 
the thick plantar part of the tarsal fibrous joint capsule. 
Prevention of overextension of the fetlock joint during 
the fixed, resting position is accomplished through the 
support rendered by the digital flexor tendons on the 
way to their digital attachments, the two extensor 
branches of the suspensory ligament extending from the 
proximal sesamoid hones to the long digital extensor 
tendon, and the sesamoidean ligaments, particularly the 
three distal sesamoidean ligaments. 

Growth Plate (Ptiyseal) Closure 

Table 1.2 summarizes the ranges of reported closure 
times for the growth plates (phvscs or epiphyseal carti¬ 
lages) of hones in the pelvic limb. 18 

AXIAL CONTRIBUTORS TO LOCOMOTION 

Hypaxial muscles of the trunk (the psoas minor, 
quadrants lumborum, and the four abdominal muscles 
on each side) act to flex the vertebral column during 
the gallop. Epaxial muscles of the trunk and neck (from 
lateral to medial, the iliocostalis system, the longissimus 
system, and the transversospinalis system) are extensors 
of the vertebral column. Acting unilaterally, the hypaxial 
and epaxial muscles are responsible for lateral movement 
of the trunk and neck. 

Excluding the atlantoaxial joint (a trochoid joinr), the 
joints of the vertebral column all permit flexion, exten¬ 
sion, lateral flexion, and even limited rotation. Whereas 
these movements are limited at each joint, taken as a 
whole, the movement is fairly extensive. Intervertebral 
discs of fibrocartilage (with a peripheral anulus fibrosus 
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and a central nucleus pulposus) are interposed between 
adjacent vertebral bodies. These are termed symphysial 
joints. Joint cavities exist between the last cervical and 
first thoracic vertebral bodies and between the last lum¬ 
bar and first sacral vertebral bodies. 18 Support is ren¬ 
dered to the vertebral column by the continuous dorsal 
and ventral longitudinal ligaments on their respective 
surfaces of the vertebral bodies. In the cervical region 
the dorsal longitudinal ligament is poorly developed and 
blends with the periosteum. Intercapital ligaments be¬ 
tween the heads of contralateral ribs bind down interver¬ 
tebral discs in the thoracic region of the vertebral col¬ 
umn. Articulations between articular processes on 
vertebral arches are true joints—arthrodial in the cervi¬ 
cal and thoracic regions, and trochoid in the lumbar re¬ 
gion. True joints also exist between the transverse pro¬ 
cesses of the fifth and sixth lumbar vertebrae and 
between the transverse processes of the sixth lumbar ver- 
rehra and the wings of the sacrum (see Fig. 1.56). 
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To develop an appreciation of lameness and gait de¬ 
fects, it is important to have an understanding of confor¬ 
mation and movement. While many lamenesses occur in 
the lower limbs, the causative factors may be located in 
the upper limbs or body; therefore, overall conformation 
must be considered. Certain conformation traits can pre¬ 
dispose to lameness, and these should be eliminated 
through responsible breeding. Understanding the rela¬ 
tionship between conformation, movement, and lame¬ 
ness is essential for making wise breeding decisions and 
devising sound management and training programs. 

CONFORMATION 

Conformation refers to the physical appearance and 
outline of a horse as dictated primarily by bone and mus¬ 
cle structures. 21 It is impractical to set a single standard 
of perfection or to specifically define ideal or normal 
conformation, because the guidelines would depend on 
the classification, type, breed, and intended use of the 
horse. Therefore, a conformation evaluation must relate 
to function, 1,6 

When conformational discrepancies are identified, it 
is important to differentiate between ““blemishes” and 
“unsoundnesses.” Blemishes are scars and irregularities 
that do not affect the serviceability of the horse. Un¬ 
soundnesses cause a horse to be lame or otherwise unser¬ 
viceable. Superficial scars from old wire cuts, small focal 
muscle (atrophies), and white spots from old injuries are 
considered blemishes if they do not affect the horse's 
soundness. Examples of unsoundnesses include but are 
not limited to blindness, parrot mouth, defective hearing, 
heaves, roaring, cryptorchidism, sterility, and lameness 
caused from such conditions as navicular syndrome, 
wounds, ring bone, spavin, and bowed tendons. 

TYPES AND BREEDS 

Horses are classified as draft horses, light horses, or 
ponies. Classifications are further divided by type (Fig. 
2.1) according to overall body style and conformation 
and the work for which the horse is best suited. Light 
(riding and driving) horses can be described as one of six 


types: pleasure horse, hunter, stock horse, sport horse, 
animated (show ) horse, and racehorse. 

Pleasure horses have comfortable gaits, arc con¬ 
formed (designed) for case of riding, ana are typified by 
smooth movement in any breed. Hunters move w'ith a 
long, low (horizontal) stride, are suited to cross-country 
riding and negotiating hunter fences, and are typified 
by the American Thoroughbred. Stock horses are well 
muscled, agile, and quick, are suited to working cattle, 
and are typified by the American Quarter Horse. The 
sport horse can be one of two types: a large, athletic 
horse suited for one or alt of the disciplines of eventing 
(dressage, cross-country, and jumping) and typified by 
the European warmbloods; or a small, lean, tough horse 
suited for endurance events and typified by the Arabian. 
The animated (show) horse is one with highly cadenced, 
flashy gaits (usually with a high degree of flexion), is 
suited mainly for the showring, and is typified by the 
American Saddlebred. The racehorse is lean in relation 
to height, with a deep but not round barrel, and is typi¬ 
fied by the racing Thoroughbred. 

A “breed” is a group of horses with common ancestry 
and usually strong conformational similarities. In most 
cases, a horse must come from approved breeding stock 
to be registered with a particular breed. If a horse is 
not eligible for registration, it is considered a “grade” 
or “crossbred" horse. 

Several breeds can have similar makeup and be of 
the same type. For example, most Quarter Horses, Paint 
Horses, and Appaloosas are considered to be stock horse 
types. Some breeds contain individuals of different types 
within the breed. American Thoroughbreds can be of the 
race, hunter, or sport horse type, 

METHOD OF EVALUATION 

Although breed characteristics vary greatly, the pro¬ 
cess of evaluating any horse is similar. First, a general 
assessment of the horse’s four functional sections is 
made, giving each section approximately equal impor¬ 
tance. (Wildly colored horses and those with dramatic 
limb markings can result in visual distortions and inaccu¬ 
rate conclusions.) The horse’s conformational compo- 
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Hunter 



Pleasure 



Figure 2.1 Types ol horses: sport, stock, hunter, pleasure, show. (Reprinted with permission from Hill C. 
From the Center ot the Ring. Pownai, VT: Garden Way Publishing. 1988.) 
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items are then evaluated in detail. The horse is viewed 
in a systematic fashion and the observations are summa- 
rized. 

Systematic Conformation Evaluation 

Evaluation begins by viewing the horse from the near 
(left) side in profile, and assessing balance by comparing 
the forehand (head, neck, and forclimbs) to the hind* 
quarters (hindiimbs and croup). When viewing the horse 
in profile, attention must be paid to the curvature and 
proportions of the topline. The horse should be observed 
from poll to tail and down to the gaskin. Then the attach¬ 
ment of the appendicular skeleton (limbs) to the axial 
skeleton (head and trunk) is observed. Limb angles arc 
evaluated. 

From the from of the horse, the limbs and hooves are 
evaluated for straightness and symmetry- The depth and 
length of the muscles in the forearm and chest are ob¬ 
served. The head, eyes, nostrils, and ears are evaluated, 
and the teeth arc examined. 

Then, from the off (right) side, the evaluation of the 
balance, topline, and limb angles is confirmed or modi¬ 
fied. 

The hindquarters are observed from directly behind. 
The tail, the straightness and symmetry of the back, the 
croup, the point of hip and buttock, and the limbs are 
evaluated. Observation should be made slowly from the 
poll to the tail, because this is the best vantage point 
for evaluating back muscling, alignment of the vertebral 
column, and (provided the horse is standing square) left- 
to-right symmetry. The observer’s position may need to 
be elevated if the horse is tall. The spring (width and 
curve) of rib is also best observed from the rear. 

The observer then makes another entire circle around 
the horse, this time stopping at each quadrant to look 
diagonally across the center of the horse. From the rear 
of the horse, the observer steps to the left hind and looks 
toward the right front. This angle will often reveal ab¬ 
normalities in the limbs and hooves that were missed 
during the side, front, and rear examinations. The horse 
is then viewed from the left from toward the right hind 
and from the right front toward the left hind. The revolu¬ 
tion is completed at the right hind looking toward the 
left front. Finally, from the near side, the whole horse is 
viewed once again in profile. 

While looking at a horse, it is helpful to obtain an 
overall sense of the correctness of each of the four func¬ 
tional sections: the head and neck, the forelimbs, the 
trunk (barrel), and (he hindiimbs. 

Head and Neck 

The vital senses are located in the head, so it should 
be correct and functional. The neck acts as a lever to help 
regulate the horse’s balance while moving; therefore, it 
should be long and flexible, with a slight convex curve 
to its topline. 1 ’ 

Forelimbs 

The forelimbs support approximately 60 to 65% of 
the horse’s body weight, so they should be well muscled 
and conformed normally. 1 


Trunk (Barrel) 

The midsccrion houses the vital organs; therefore, the 
horse must be adequate in the heart girth and must have 
good w idth (spring) to the ribs. The back should be well 
muscled and strong so that the horse is able to carry the 
weight of its internal organs and the rider and saddle. 

Hindiimbs 

The hindiimbs are the source of power for propulsion 
and stopping. The hindlimb muscling should be appro¬ 
priate for type, breed, and use. The croup and points of 
the hip and buttock should be symmetric, and the limbs 
should be straight and sound. 

CONFORMATION COMPONENTS 
Balance 

A well-balanced horse has a better chance of moving 
efficiently, thereby experiencing less stress. Balance re¬ 
fers to the relationship between the forehand and hind¬ 
quarters, between the limbs and the body, and between 
the right and the left sides of the body (Figs. 2.2 through 
2.4). 

The center of gravity is a theoretical point in the 
horse’s body around which the mass of the horse is 
equally distributed. At a standstill, the center of gravity 
is located at the point of intersection of a vertical line 
dropped from the highest point of the withers and a line 
from the point of the shoulder to the point of the buttock. 
This usually is a spot just behind the xiphoid and two- 
thirds the distance down from the topline of the back. 
(Fig. 2.4). 

Although the center of gravity remains relatively con¬ 
stant when a well-balanced horse moves, most horses 
must learn to rebalance their weight (and that of the 
rider and tack) when ridden. To simply pick up a front 
foot to step forward, the horse must shift its weight to¬ 
ward the rear. How far the weight must shift to the hind¬ 
quarters depends on the horse’s conformation, the posi¬ 
tion of the rider, the gait, the degree of collection, and 
the style of the performance. The higher the degree of 
collection, the more the horse steps under the center of 
gravity with the hindiimbs. 

If the forehand is proportionately larger than the 
hindquarters, especially if it is associated with a downhill 
topline, the horse’s center of gravity tends to shift for¬ 
ward. This causes the horse to travel heavy on its front 
end, setting the stage for increased concussion, stress, 
and lameness. When the forehand and hindquarters are 
balanced and the withers are level with or higher than 
the level of the croup, the horse’s center of graviry is 
located more toward the rear. Such a horse can carry 
more weight with its hindquarters, thus moving in bal¬ 
ance and exhibiting a lighter, freer motion with the fore¬ 
hand than the horse with withers low r er than the croup. 

When evaluating young horses, the growth spurts that 
result in a temporarily uneven topline should be taken 
into consideration. Generally horses approach level at 3 
years of age. However, 2-year-olds that show an ex¬ 
tremely downhill configuration should be suspect. Even 
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if a horse’s topline is level, if the forehand is excessively 
heavily muscled in comparison to the hindquarters, the 
horse is probably going to travel heavy on the forehand 
and have difficulty moving forward freely. 

A balanced horse has approximately equal lower limb 
length and depth of body. The lower limb length (chest 
floor to the ground) should be equal to the distance from 
the chest floor to the top of the withers (Fig. 2.4). Propor¬ 
tionately shorter lower limbs are associated with a 
choppy stride. The horse’s height or overall limb length 
(point of withers to ground) should approximate the 
length of the horse’s body (the point of the shoulder to 
the point of buttock) (Fig. 2.4), A horse with a body that 
is a great deal longer than its height often experiences 
difficulty in synchronization and coordination of move¬ 
ment. A horse with limbs proportionately longer than 
the body may be predisposed to forging, overreaching, 
and other gait defects. 


Overall, the right side of the horse should be symme¬ 
tric to the left side. 


Proportions and Curvature of the Topline 

The ratio of the topline’s components, the curvature 
of the topline, the strength of loin (longissimus dorsi 
muscles in the lumbar region), the sharpness of withers, 
the slope to the croup, and the length of the underline 
in relation to the length of back all affect a horse’s move¬ 
ment. 

The neck is measured from the poll to the highest 
point of the withers (Fig. 2.4). The back measurement 
is taken from the withers to the caudal extent of the loin 
located in front of the pelvis. The hip length is measured 
from the caudal loin to the point of buttock (Figs. 2.4 

and 2,5). 
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Figure 2.3 Top. Axial alignment is evaluated. A line drawn from 
the oervter of the withers through the center of the heck roughly 








body; PW length of neck; WL, length of back; LB, length of hip. 
(Repented with permission from Milt C. KJimesh R Maximum Hoof 
Power, North Pomfret, VT: Trafalgar Square Publishing. 2000.) 


Figure 2*4 Proportions. P, poll; W. highest point of withers; L. 
caudal loin; B, point of buttock; S. point of shoulder; C, center of 
gravity; U, underline. Q. ground; WU. depth of body; UQ, lower 
limb length; WG. height and overall limb length; SB, length of 


A neck that is shorter than the hack tends to decrease 
a horse’s overall flexibility and balance. A back that is 
very much longer than the neck tends to hollow. A very 
short hip, in relation to the neck or back, is associated 
with lack of propulsion and often a downhill configura¬ 
tion. A general rule of thumb is that the neck length 
should be greater than or equal to the back length and 
that the hip should be at least two-thirds the length of 
the hack (Fig. 2.4). 

The neck should have a graceful shape that rises up 
out of the withers, not dipping ventrad (downward) in 
front of the withers. The shape of the neck is determined 
by the “S” shape formed by the seven cervical vertebrae. 
A longer, flatter (more horizontal) attachment of the 
upper cervical vertebrae (C1-C2) at the poll results in a 


cleaner, more flexible throat latch. If the upper cervical 
vertebrae form a short, straight attachment to the skull, 
it results in a thick throat latch and a hammerhead ap¬ 
pearance. The attachment of the lower neck (caudal cer¬ 
vical region) should be short and shallow and should 
attach relatively high on the horse’s chest. The thickest 
point in the neck is at the ventral limits. Ewe-necked 
horses have necks that have a long, ventral curve and 
that appear to attach low on the chest. The attachment 
of the neck muscles to the shoulders should be smooth. 
Prominent depressions in the muscles in front of the 
shoulders are undesirable. 

The dorsal (upper) neck length (poll to withers) 
should be twice the ventral (lower) neck length (throat 
latch to chest). This is dictated to a large degree by the 
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Figure 2.5 Equine skeleton. {Reprinted with permission from Hill C. Making Not Breaking. Ossining, NY: 

Breakthrough Publications, 1932.) 


slope of the shoulder. A horse with a steep shoulder has 
an undesirable ratio (approaching 1:1) between the dor¬ 
sal neck length and ventral neck length. 

The back should look like it has a natural place for 
a saddle, beginning with prominent withers located 
above or behind the heart girth. The withers should 
blend gradually into the back, ending ideally at about 
the midpoint of the back. The withers provide a place 
for the neck and forearm muscles and the ligamentum 
nuchae to anchor; the neck muscles should attach at the 
highest point of the withers. There should not be a prom¬ 
inent dip in the muscles in front of or behind the withers. 

The withers also act as a fulcrum. As a horse lowers 
and extends its neck, the back rises. Low (mutton) with¬ 
ers limit a horse’s ability to raise its back. A horse with 
a well-sloped shoulder usually has correctly placed with¬ 


ers. The heart girth should be deep, which provides ade¬ 
quate room for the heart and lungs. 

The longissimus muscles that run along the spine 
should be flat and appear strong, rather than sloped and 
weak. The back muscles aid in counteracting the gravita¬ 
tional pull from the weight of the horse’s internal organs 
as well as support the rider’s weight. 

The loin is located along the lumbar vertebrae from 
the last thoracic vertebrae to the lumbosacral junction 
(Fig, 2.5). The loin should be well muscled and relatively 
short. Horses termed “long-backed” often have an ac¬ 
ceptable back length but a long, weak loin. A horse with 
a weak and/or long loin and loose coupling (flanks) tends 
to have a hollow back. (The coupling is the area behind 
the ribs and in front of a vertical line dropped from the 
point of hip.) A horse that chronically hollows its back 
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may be predisposed to focal lumbar myofacial pain, 
pinched nerves, or vertebral damage. 

The loin and the coupling transfer the motion of the 
hindquarters up through the back and forward to the 
forehand; therefore, they must be strong and well con¬ 
nected. A short, heavily muscled loin has great potential 
strength, power, and durability but may lack the flexibil¬ 
ity of a more moderately muscled loin. A lumpy appear¬ 
ance in the loin may indicate abnormal alignment (sub¬ 
luxations) of the vertebrae. 

The croup is measured from the lumbosacral junction 
to the tail head (Fig. 2.5). The croup should he fairly 
long, as this is associated with a good length to the hip 
and a desirable forward-placement of lumbosacral artic¬ 
ulation. 

The topline (the hack) should be short in relation to 
the underline. Such a combination indicates strength plus 
desirable length of stride. 

Head 

The head should appear symmetrical and functional. 
Adequate cranial space is necessary. The length from the 
car to the eye should be at least one-third the distance 
from the car to the nostril. The width between the eyes 
should be a similar distance as that from the car to the 
eye. A wide-open throat latch permits an adequate air¬ 
way during flexion; a narrow throat latch is often associ¬ 
ated with a ewe-neck attachment. Kycs set off to the side 
of the bead allow the horse to have a panoramic view.* 
The eye should be prominent without bulging. Promi¬ 
nence refers to the bony orbit, not a protruding eyeball. 
The expression of the eye should indicate a quiet, tracta¬ 
ble temperament. 

The muzzle can be trim, but if it is too small, the 
nostrils may be pinched. There may also be inadequate 
space for the incisor teeth, resulting in dental misalign¬ 
ments. The width of the cheek bones indicates the space 
for molar teeth; adequate room is required for sideways 
grinding of food. The shape of the nasal hone and fore¬ 
head is largely a matter of breed and personal preference. 

Quality 

Quality is depicted by “flat” cannon (third meta- 
carpal/metatarsal) bones, clean (unswollen) joints, 
sharply defined (refined) features, smooth muscling, 
overall blending of parts, and a fine, smooth hair coat. 
“Flat” bone is a misnomer because the cannon bone is 
round. “Flat” refers to well-defined tendons that stand 
out cleanly behind the cannon bone and give the impres¬ 
sion, when viewed from the side, that the cannon bone 
is flat. 

Substance 

“Substance” describes the thickness, depth, and 
breadth of bone, muscle, and other tissues. Muscle sub¬ 
stance is described by type of muscle, thickness of mus¬ 
cle, length of muscles, and position of attachment. Other 
substance factors include weight and height of the horse, 
size of the hooves, depth of the heart girth and flank, 
and spring of rib. 


“Spring of rib,” which is best viewed from the rear, 
refers to the curve of the ribs. In addition to providing 
room for the heart, lungs, and digestive tract, a well- 
sprung rib cage provides a natural, comfortable place 
for a rider's legs. A slab-sided horse with a shallow ncart 
girth is difficult to sit upon properly; an extremely wide- 
barreled horse can he stressful to the rider's legs. 

“Substance of bone” refers to adequacy of the hone 
to weight ratio. Traditionally, the circumference around 
the cannon bone just below the carpus (knee) serves as 
the measurement for substance of bone. For riding 
horses, an adequate ratio is approximately 0.7 inches of 
bone for every 100 lb. of body weight. I Ising that rule, 
a 1200-lb. horse should have an 8.4 inch cannon bone. 

Correctness of Angles and Structures 

The correct alignment of the skeletal components pro¬ 
vides the framework for muscular attachments. The 
length and slope of the shoulder, arm, forearm, croup, 
hip, stifle, and pasterns should be moderate and should 
work well together. There should he a straight alignment 
of bones when viewed from the front and rear, large 
clean joints, high-quality hoof horn, adequate height and 
width of heel, concave sole, and adequate size hoof. 

Forelimbs 

Cranial View 

Both forclimbs should appear to be of equal length 
and size, and should appear to hear equal weight. A line 
dropped from the point of the shoulder (middle of the 
scapulohumeral joint) to the ground should bisect the 
limb. The toes should point forward, and the feet should 
he as far apart on the ground as the limbs are at their 
origin in the chest (Fig. 2.6). The shoulder should be well 
muscled without being heavy and coarse. 




Figure 2.6 Cranial and lateral views of normal foreiimbe, A. 

Line dropped from me point of the shoulder joint bisects the limb. 
6. Line from the tuber spinae of Vie scapula bisects the limb as far 
as tie fetlock and drops at the heel. 
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The manner in which the shoulder blade and arm (hu¬ 
merus) are conformed and attach to the chest dictates, 
to a large degree, the alignment of the lower limbs. 
Whether the toes point in or out is often a result of upper 
limb structures. This is the reason it is dangerous, in 
many cases, to attempt to alter a limb’s structure and 
alignment through radical hoof adjustments. It is impor¬ 
tant to be sure the horse is standing square when assess¬ 
ing the lower limbs. 

The medial-lateral slope of the humerus is evaluated 
by finding the left point of shoulder and a spot in front 
of the left point of elbow. The same is done on the right 
side. The four points are then connected visually. If the 
resulting box is souare, the humerus lies in an ideal posi¬ 
tion for straight lower limbs and straight travel. If the 
bottom of the box is wider, the horse may roe in and 
travel with loose elbows and paddle. If the bottom of 
the box is narrower, the horse will probably toe-out, 
have tight elbows, and wing in. 

The muscles of the forearm (antehrachium) should go 
all the way to the knee, ending in a gradual taper rather 
than ending abruptly a few inches above the knee. It is 
generally believed that this will allow the horse to use 
its front limbs in a smooth, sweeping, forward motion. 
The pectoral muscles should also reach far down onto 
the limb. The pectoral and the forearm muscles help a 
horse to move its limbs laterally and medially as well as 
to elevate the forelimb. It is the belief of some horsemen 
that the combination of long forearms and short cannon 
bones on horses is conducive to speed. 1 ' 

The carpal joints should be balanced, and should not 
deviate toward or away from one another. The cannon 
hone should he centered under the carpus and not to 
the lateral side (Bench knees). Deviations from a straight 
limb will cause strain on the collateral support structures 
and asymmetric loading (compression) of the hinge 
joints in the forelimb. 

Lateral View 

Limbs, when viewed from the side, should exhibit a 
composite of moderate angles so that shock absorption 
is efficient (Fig. 2.7). The shoulder angle is measured 
along the spine of the scapula, from the point of the 
shoulder to the point of the withers. The shorter and 
straighter the shoulder, the shorter and quicker the stride 
is, the more stress and concussion is transmitted to the 
limb, and thus the greater is the risk of developing lame¬ 
ness, 1 ' Retrospective studies in dressage horses and 
show jumpers showed that a more horizontal scapula 
was related to a higher level of performance. 14 * 1 * Also 
important is the angle the shoulder makes with the arm, 
which should be at least 90° but is most often > 100°. 
Horses with a more horizontal scapula or a more flexed 
shoulder joint show more maximal extension of the 
elbow joint relative to the angle at initial ground contact. 
This prolongs the stance phase.' It is also known that 
good gait and collection of performance horses is associ¬ 
ated with longer stance duration in the forelimbs. 4,16 

The length of the humerus, from the point of the 
shoulder to the point of dhows, also affects stride length. 
A long humerus is associated with a long, reaching stride 
and good lateral ability; a short humerus is related to a 
short, choppy stride and poor lateral ability. The steeper 


the angle of the humerus, generally, the higher the action; 
the closer the angle is to horizontal, the lower the action. 
The scapulohumeral (shoulder) joint is supported en¬ 
tirely by the muscles and tendons surrounding it. This 
purely muscular support allows the joint freedom of 
movement during flignt, which is in keeping with its ball- 
and-socket arrangement. Because this muscle support is 
so important, a horse should have well-developed mus¬ 
cles in this region. 

The angle formed by the humerus and radius and ulna 
at the elbow joint should he between 120 and 150°. To¬ 
gether with a horizontal scapula, a more flexed elbow 
results in a longer stance duration, which improves gait 
quality by increasing collection in the forelimbs. 4 u 
Straighter conformation (lesser angulation) at this joint 
results in a short, choppy gait and increased concussion 
on the distal limb. The radius and ulna should be of 
sufficient length to provide good muscular function. 

Ideally, the limb should form a straight column from 
the elbow joint to the fetlock. This conformation will 
disseminate the axial compression forces to all bony sur¬ 
faces equally. If the hones ore out of alignment, axial 
compressive forces become focused on one side and ten- 
sional forces are created opposite to it, resulting in in¬ 
creased stress and strain. 

The carpus (knee) is a compound joint that is inter¬ 
posed between two long hones. Its major functions in¬ 
clude: I) flexion, 2) absorption of concussion, and 3) 
extension. Flexion primarily occurs at the antcbrachio- 
carpal and midcarpal joint spaces. Concussion is ab¬ 
sorbed by all three carpal joints, and extension is devel¬ 
oped by a locking mechanism that occurs while the horse 
is weight-hearing and in the extension phase of the stride. 
Because of this requirement it is important that the car¬ 
pal hones he in good axial alignment with the radius and 
ulna and the third metacarpal (cannon) hone. They also 
should he of sufficient size to support the force brought 
to hear on them. Since flexion and extension are an im¬ 
portant function of the carpus, the muscles of the fore¬ 
arm should be well developed to support these functions. 
The carpus should appear straight and not deviate for¬ 
ward or backward (Fig. 2.8). The region just distal to 
the carpus should not he cut in on the dorsal surface (cut 
out under the knees) or cut in on the palmar surface (tied 
in knees). 

Fetlock joints should be large enough and angled to 
allow free movement. Back ct al. (1994) found that a 
more extended fetlock joint resulted in more maximal 
extension, which correlated with a good gait in the fore- 
limbs. He also found that a straighter hindlimh fetlock 
joint angle was related to a longer stride and swing dura¬ 
tion. 4 Adams (1974) stated that the angle between the 
third metacarpal (cannon) bone and the proximal (first) 
phalanx is about 125 to 135°.* However, in a study done 
on Swedish Warmblood horses it was found that the 
mean front fetlock angle was 146 to 155° and the mean 
hind fetlock angle was 153 to 161°, 14 

The normal mean fore pastern and foot angle is 
54 0 . 7 '’ Exceptionally long, sloping pasterns can result in 
increased strain to flexor support structures of the fet¬ 
lock and phalanges. Short, upright pasterns deliver 
greater concussive stresses to the fetlock, phalangeal 
joints, and foot. The hoof should he appropriate for the 
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Figure 2.7 The angle of the shoulder joint usually 
Influences the angle of the pastern. 



A B C 

Figure 2.8 A. Caff-kneed (backward deviation of knees). B. Normal C. Buck-kneed 

(forward deviation of knees). 


size of the horse, well shaped, and symmetric. It should 
have high-quality hoof horn, adequate height and width 
of heel, concave sole, and an adequately sized hoof. Nor¬ 
mally trimmed hooves impact the ground heel first (40% 
of the time) or flat footed (60% of the time), 8 One study 
documented that lower hoof angles predisposed race¬ 
horses to musculoskeletal injury. 

Faults in Conformation of the Forelimbs 
Base-Narrow (Fig. 2.9) 

In base-narrow conformation, the distance between 
the center lines of the feet at their placement on the 
ground is less than the distance between the center lines 
of the limbs at their origin in the chest when viewed from 
the front. This is found most often in horses having large 
chests and well-developed pectoral muscles, such as the 
Quarter Horse. This conformation may be accompanied 
by a toe-in (pigeon-toed) or toc-our (splay-footed) con¬ 
formation. 


Base-narrow conformation inherently causes the 
horse to bear more weight on the outside of the foot 
than on the inside. Consequently, whether the foot tocs¬ 
in or toes-out, the outside of the foot and limb is sub¬ 
jected to more stresses. 

Base-Wide (Fig. 2.10) 

In base-wide conformation, the distance between the 
center lines of the feet on the ground is greater than the 
distance between the center lines of the limbs at their 
origin in the chest when viewed from the front. This 
condition is found most commonly in narrow'-chcsted 
horses such as the American Saddlebred and the Tennes¬ 
see Walking Horse. In base-wide conformation, the 
horse is often affected with a toe-out (splay-footed) posi¬ 
tion of the feet. Base-wide, toe-out conformation usually 
causes winging to the inside (Figs. 2.1 IB and 2.12). 

Base-wide conformation forces the horse to bear more 
weight on the inside of the foot than the outside of the 
foot. Because the weight is distributed in this fashion. 
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Figure 2.9 Base-narrow Note that tie distance between the 
center lines of the limbs at their origin is greater than the distance 
between the center lines of die feet on die ground. 



Figure 2.10 Base-wide conformation Note that the distance 
between die center lines of the feet is wider than die distance 
between the center lines of die limbs at the chest 


Figure 2.11 How toe-in and toe-out affects 
foot path. A. Normal foot path. B Foot path of 
a horse with toe-out conformation, C, Foot 
path of a horse with toe-in conformation 
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Figure 2.12 Winging, which may cause interference, is caused 
by a toe-out position of the feet. 


the horse will usually land on the inside of the foot, a 
situation opposite to that seen in base-narrow conforma¬ 
tion. Consequently, the inside of the limb takes the most 
stress in base-wide conformation. 

Toe-In or Pigeon-Toed (Figs. 2.13 and 2.14) 

Toe-in is the position of the feet in which the toes 
point toward one another when viewed from the front. 
If is congenital, and the limb may be crooked as high as 
its origin at the chest or as low as the fetlock down. 1 It 
is usually accompanied by a base-narrow conformation 
but rarely is present when the horse is base-wide. In the 
young foal, the condition may he partially corrected by 
proper trimming of the hooves, and young horses may be 
correctively shod to prevent a worsening of the condition 


(see Chapter 9). If an angular limb deformity is contrib¬ 
uting to the problem, surgery may be helpful within the 
first six weeks after birth. When the affected horse 
moves, it tends to paddle with the feet (Figs. 2.11C and 
2.15). This is an outward deviation of the foot during 
flight. The foot breaks over the outside toe and lands on 
the outside wall. If a horse toes in, it will usually paddle 
whether it is base-narrow or base-wide. If the pastern 
and foot deviate inward from the fetlock down (varus 
deformity), the horse may carry the foot to the inside 
instead of the outside. This complication of base-narrow, 
toe-in conformation can cause interference, especially at 
the fetlock region. One study documenting variations 
in conformation in Swedish Warmblood horses found a 



Figure 2*13 Bate-narrow, toe-in conformation 



Figure 2.14 Base-wide, toe-in position ol feet. 
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50% frequency of mild toe-in conformation in elite sport 
horses, indicating minor deviations do not impair sound¬ 
ness or performance. 14 

Toe-Out or Spi .ay-Footed (Figs. 2.16 and 2.17) 

In toe-out or splay-footed position, when viewed from 
the front, the toes point away from one another. The 
condition is usually congenital and is usually caused by 
limbs that are crooked from their origin down. In some 
cases, however, the condition is aggravated by a rotation 
at the fetlock. It may be accompanied by either base¬ 
wide or base-narrow conformation. As with a toe-in con¬ 
formation, it may be controlled or partially corrected by 
corrective trimming or corrective shoeing in the foal. If 
an angular limb deformity is contributing to the prob¬ 
lem, surgery may be helpful at a very young age. The 
flight of the foot goes through an inner arc when advanc¬ 
ing and may cause interference with the opposite fore¬ 


limb (Figs. 2.1 IB and 2.12). A horse that toes-out will 
usually wing to the inside, whether it is base-narrow or 
base-wide. When a toe-out attitude of the feet coincides 
with base-narrow conformation, limb interference and 
plaiting (Fig. 2.18A) are more likely. One study done in 
Swcdisn Warmblood horses found < 5% toe-out confor¬ 
mation. 14 

Base-Narrow, Toe-In Conformation (Fig. 2.13) 

Base-narrow, toe-in conformation causes excessive 
strain on the lateral collateral support structures of car¬ 
pus, fetlock, and phalangeal joints. Base-narrow, toe-in 
conformation usually causes paddling (Figs. 2.11C and 
2,15). This is a common type of conformational abnor¬ 
mality. 

Base-Narrow, Toe-Out Conformation (Fig. 2.16) 

Base-narrow, toe-out conformation is one of the 
worst types of conformation in the forelimb. Horses hav- 
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Figure 2.16 Base-narrow, toe-out conformation. 



Figure 2.17 Base-wide, toe-out position of the feet. 

ing this conformation can seldom handle heavy work. 
The closely placed feet, combined with a tendency to 
wing inwardly from the toe-out position, commonly 
cause limb interference. The base-narrow attitude of the 
limb places the weight on the outside wall, as with base- 
narrow, toe-in conformation. The hoof breaks over the 
inside toe, swings inward, and lands on the outside wall. 
This causes great strain on the limb below the fetlock. 
Plaiting (Fig. 2.18A) may be evident. One should study 
the foot closely in flight before making any correc¬ 
tions (Fig. 2.I8B). Corrective shoeing is discussed in 
Chapter 9. 

Base-Wide, Toe-Out Conformation (Fig. 2.17) 

Vflien a horse is base-wide, the feet usually toe-out. 
The base-wide conformation places the greatest stress on 




Figure 2.18 A. Plaiting. Plaiting is most often found in a horse 
with base-narrow, toe-out conformation. After the foot travels an 
inward arc, it lands more or less directly in front of the opposite 
foreloot. In some cases, this leads to stumbling as a result of 
interference. B Base-narrow, toe-out conformation. Note left 
forefoot landing on the outside wall, typical of this type of 
conformation. There is also a degree of plaiting 
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the inside of the limb. This means that there is greater 
stress on the medial collateral support structures of the 
fetlock and phalangeal joints. With this conformation, 
the foot usually breaks over the inside toe, deviates 
(wings) to the inside, and lands on the inside hoof wall. 
Blemishes on the medial aspect of the cannon bone, me¬ 
dial splints, and fracture or the medial splint hone occur 
with this conformation because of interference. 

Base-Wide, Toe-In Conformation (Fig. 2.14) 

This type of conformation is unusual. The base*wide 
attitude of the limbs places the greatest stress on the in¬ 
side of the limb, similar to the base-wide, toe-out confor¬ 
mation. In most cases, a horse affected with base-wide, 
toe-in conformation will paddle to the outside even 
though it breaks over the inside toe and lands on the 
inside wall. 

There is always the possibility that other conforma¬ 
tional abnormalities of the limb, especially from the fet¬ 
lock down, may change the path of the foot so it does 
not correspond to the above descriptions. These abnor¬ 
malities include twisting of the fetlock so that the base- 
narrow, toe-in horse actually wings to the inside. Since 


these variations are rare and because they all cannot be 
listed, there will be no discussion of them here. 

Plaiting (Fig. 2.ISA) 

Some horses, especially those with base-narrow, toe- 
out conformation, tend to place one forefoot directly in 
front of the other. This is an undesirable characteristic, 
because it can produce interference and stumbling result¬ 
ing from an advancing forelimb hitting the one placed 
in front of it. 

Palmar (Backward) Deviation of the Carpus 
(Hyperextended Knees, Calf Knees, or Sheep 
Knees) (Fig. 2.19) 

Backward deviation of the carpus (back at the knee) 
is a weak conformation, and the limbs seldom remain 
sound under heavy work. The weight of the horse de¬ 
scends through the misaligned limb to end behind the 
hoof. This conformation places increased stress on the 
palmar carpal, radial check, and the proximal middle 
and distal accessory carpal hone ligaments. It also in¬ 
creases compression on the dorsal aspect of the carpal 
hones. It is believed that this conformation makes horses 
working at speed more susceptible to carpal chip frac- 
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Figure 2.20 Photograph of a Thoroughbred near the Itnish of a 
race Note the backward deviation of the carpus, predisposing to 
chip fracture of the carpal bones. If a horse has a backward 


deviation of the carpus before limb fatigue forces rt mto this 
position there is even greater possibility of carpal fracture. 
{Courtesy of Dr. W. Berkley.) 


rures (Fig. 2.20). Interestingly, in a limited study done on 
2t Thoroughbred racehorses with carpal chip fractures, 
they were not significantly more hvperextended at the 
carpus than 10 normal racehorses with normal carpi.' 
Therefore, the hvperextended carpus conformation is 
not the only reason carpal chip fractures develop. Addi¬ 
tionally, it was felt that alteration in, or injury to, the 
palmar soft tissue support structures might be the reason 
for this carpal conformation and therefore it is not en¬ 
tirely a result of genetic influence. 5 

Dorsal {Forward) Deviation of the Carpus 
(Bucked Knees or Knft Sprung) (Fig. 2.19) 

This condition may also be called “goat knees” or 
“over in the knees.” It is generally believed that the con¬ 
formation is less severe than the calf-knee condition. 
However, severe dorsal deviation may he more danger¬ 
ous for the rider, because the horse’s knees are on the 
verge of buckling forward. Forward deviation of the car¬ 
pus may be caused by contraction of the carpal flexors 
(i.e., ulnaris lateralis, flexor carpi ulnaris, and flexor 
carpi radialis). Fxtra strain may be placed on the exten¬ 
sor carpi radialis and the suspensory ligament. The con¬ 
dition is often present at birth, but if it is not severe, it 
usually disappears by 3 months of age. Congenital forms 
are nearly always bilateral and may be accompanied by 
a knuckling of the fetlocks. One study documenting the 
variations in conformation in Swedish Warm blood 
horses found considerably more elite sport horses were 
“buck-kneed” than “calf-kneed,” while the reverse was 
true in riding school horses. 14 

Mediae Dev iation of the Carpus (Knock Knees, 
Carpus Valgus, ok Knee Narrow Conformation) 
(Fig. 2.21 B) 

Medial angular deviation of the carpus can result 
from abnormalities of the distal metaphysis, physis 


(growth plate), and epiphysis of the radius, from abnor¬ 
mal development and alignment of the carpal bones and 
small metacarpal bones, or from carpal joint laxity. As 
a result of this deviation, an increased tcnsional strain 
is placed on the medial collateral ligaments of the carpus 
with increased compression on the lateral (concave) sur¬ 
face of the carpus. Varying degrees of stresses are also 
transmitted to the joints proximal and distal to the car¬ 
pus. Usually, varying degrees of outward rotation of the 
cannon bone, fetlock, and foot accompany this entity. 
Carpus valgus (slight inward rotation of the limbs) of 5 
to 7 0 associated with asynchronous growth of the distal 
radial metaphysis is common in foals and weanlings. 
This condition usually corrects itself with maturity. 

Lateral Deviation of the Carpus (Bowlegs, 

Carpus Varus, or Bandy-Legged Conformation) 

(Fig. 2.21 A) 

Carpus varus is an outward deviation of the carpus 
when viewed from the front of the horse. It may be ac¬ 
companied by a base-narrow, toe-in conformation. This 
condition causes increased tension on the lateral surface 
of the carpus, and an increased compression on the me¬ 
dial surface of the carpus and carpal bones. 

Open Knees 

The term “open knees” refers to an irregular profile 
of the carpal region when viewed from the side (Fig. 
2.22). This irregularity gives the impression that the car¬ 
pal joints are not fully apposed. This conformation is 
usually found in young horses (I to 3 years of age) before 
full maturity, and is often accompanied by physitis. As 
the horse matures, the joints usually become more pleas¬ 
ing in appearance. Some people regard this as a weak 
conformation subject to carpal injury. However, on ra¬ 
diographic exam, this irregularity docs not reveal out¬ 
standing changes. 
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Figure 2.21 Examples of poor conformation. 
Compare with Figure 2 6A A. Bowlegs. B. Knock- 
knees. 





Figure 2.22 Open knees This term refers to the irregular 
profile of the carpal joints when viewed from the side, which is 


Bench Knh s (Offset Knees) (Fig. 2.23) 

Bench knee is a conformation in which the cannon 
bone is offset to the lateral side and does not follow a 
straight line from the radius. It is evident when the limbs 
arc viewed from the front. It is congenital in origin, and is 
considered a weak conformation. Since the medial splint 
bone normally supports more weight than the lateral 
splint bone, it is believed that there is even more direct 
weight-hearing on the medial splint bone in benched- 
kneed horses. This would cause more stresses on the in¬ 


caused by the enlarged distal physis of the radius and 
enlargement in the area of the carpometacarpal joint, 


terosseous ligament, increasing the possibility of splints. 
In a study documenting the conformational abnor¬ 
malities in 356 Warmblood horses, > 50% were bench- 
kneed. 14 The combination of bench knees and carpus 
valgus is common. 

Tied-In Knees (Fig. 2.24B) 

Viewed from the side, the flexor tendons appear to 
be too close to the cannon bone just below the carpus. 
This is considered undesirable and appears to inhibit free 
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Figure 2.23 Offset Knees (bench knees). Note that the cannon 
bones are set too far laterally. 



Figure 2.24 Examples of poor conformation. A. Cut out under 
the Knees, as indicated by arrow. B. Tied-in knees, as indicated by 
arrow. 


movement. A heavy fetlock may give the appearance of 
tied-in knees, even though the condition is not actually 
present. 

Cut Out Under the Knees (Fig. 2.24A) 

Viewed from the side, this condition causes a “cut 
out” appearance just below the carpus on the dorsal sur¬ 
face of the cannon bone. It is believed to be a fundamen¬ 
tally weak conformation, because the cannon bone does 
not line up with the carpal bones dorsally. 

Standing Under in Front (Fig. 2.25 A) 

This is a deviation in which the entire forelimb from 
the elbow down is placed too far back to be perpendicu¬ 


lar to the body, and too far under the body when the 
animal is viewed from the side. This stance may occur in 
certain diseases and may not be a conformational fault. 

With this conformation, the base of support is short¬ 
ened, the forelimbs become overloaded, the cranial phase 
of the stride is shortened and the arc of foot flight is low. 
AH of this may predispose the horse to stumbling. 

Camped in Front (Fig. 2.25B) 

This is a condition opposite to that described above. 
The entire forelinib, from the body to the ground, is too 
far forward when viewed from the side. This limb atti¬ 
tude may be present in certain conditions, such as bilat¬ 
eral navicular syndrome and laminitis. 

Short Upright Pastern (Fig. 2.26B) 

A short upright pastern is believed to increase concus¬ 
sion on the fetlock joint, the phalangeal joints, and the 
navicular (distal sesamoid) bone. 1 A horse with this con¬ 
formation may be predisposed to traumatic arthritis of 
the fetlock and phalangeal joints and navicular syn¬ 
drome. This type of conformation is often associated 
with a base-narrow, toe-in conformation, and is most 
often present in the horse with short limbs and a power¬ 
ful body and limb musculature. Additionally, a straight 
shoulder usually accompanies this type of conformation. 

Long Sloping Pastern (Fig. 2.27) 

A long sloping pastern is one characterized by a nor¬ 
mal or subnormal angulation of the forefoot (** 45°) 
with a pastern that is too long for the length of the limb. 
This type of conformation is believed to predispose a 
horse to injury of the flexor tendons, sesamoid hones, 
and the suspensory ligament. 

Long Upright Pastern (Fig. 2.26C) 

With a long upright pastern, concussion to the fetlock 
and phalanges is increased, because the anticoncussion 


A B 

Figure 2.25 Examples of poor conformation. A. Standing under 
m front. B. Camped in front 
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Figure 2.26 Examples of pastern 
conformation. A. A normal angulation of hoof and 
pastern. 6. A short upright pastern predisposing 
to injuries of the fetlock joint, ringbone of the 
pastern joint, and navicular disease. C. Long 
upright pattern predisposes to injuries of the 
fetlock joint and navicular hone. This type of 
conformation does not seem to predispose to 
ringbone as often as does 0. 





Figure 2.27 Example of a long sloping pastern. The foot and 
pastern axes are less than normal (< 45 s in front or < SO” 
behind). 


mechanism of a normally sloping pastern is not present. 
Traumatic arthritis and navicular syndrome may be seen 
with this type of conformation, and both types of lame¬ 
ness may be present at the same time. 1 The stresses arc 
very similar to those found in the short upright pastern 
I Fig. 2.26B), but reportedly the trauma to the pastern 
region is not as severe. 1 

The Hindlimbs 

The bone structure and muscling of the hindlimb 
should he appropriate for the intended use. Endurance 
horses are characterized by longer, flatter muscles; stock 
horses are characterized by shorter, thicker muscles. All- 
around horses have moderate muscling. 

Lateral View 

Limbs, when viewed from the side, should exhibit a 
composite of moderate angles, so that shock absorption 



Figure 2.28 Normal hindlimbs from side view. A line dropped 
from the point of buttock (tuber ischii) follows the cannon. 


will be efficient (Fig. 2.28). A line from the point of but¬ 
tock to the ground should touch the hock and end 
slightly behind the bulbs of the heels. A hindlimb in front 
of this line is often standing under (Fig. 2.29) or sickle- 
hocked (Fig. 2.30); a hindlimb behind this line is often 
post-legged (Fig. 2.31) or camped out (Fig. 2.32). 

The hindquartcr should be symmetric and well con¬ 
nected to the barrel and the lower limb. The gluteals 
should tie well forward into the back. The hamstrings 
should tie down low into the Achilles tendon of the hock. 

The relationship of the length of the bones, the angles 
of the joints, and the overall height of the hindlimb will 
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Figure 2.29 Standing under behind. Compare with Figure 2,28. 



Figure 2.30 Sickle hocks. Note the excessive angle of the hock 
joints. Compare with Figure 2.28. 



Figure 2.31 Post-legged too straight behind. There is too tittle 
angulation of the hock and stifle joints. 


dictate the type of action and the amount of power pro¬ 
duced. The length and slope to the pelvis (croup) arc 
measured from the point of hip to the point of buttock. 
A flat, level croup is associated with hindlimb action that 
occurs behind the hindquarters rather than underneath 
it. A “goose rump” is a very steep croup that places the 
hindlimbs so far under the horse's belly that structural 
problems may occur because of the overangulation. 
Somewhere in between these is ideal. Generally, a more 
flexed hip results in a more protracted position of the 
hindlimb at stance phase and in a more horizontal femur 
during the swing phase. This results in the horse keeping 
its hindlimbs more under the body, which is impor¬ 
tant for collection in dressage and lift off in show 
jumpers. 16 A short femur is associated with the short, 
rapid stride characteristic of a sprinter. A long femur 
results in a longer stride with more reach. High hocks 
are associated with snappy hock action and a difficulty 
getting the hocks under the body. Low hocks tend to 
have a smoother hock action and the horse usually has 
an easier time getting the hocks under the body. The 
gaskin length (stifle to hock) should he shorter than the 
femur length (buttock to stifle). A gaskin longer than the 
femur tends to be associated with cow hocks and sickle 
hocks. 

Hindlimbs with less angulation (open angles and 
straightcr hindlimbs when viewed from the side) have a 
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Figure 2.32 Camped behind. Compare with Figure 2.28. 


shorter overall limb length and produce efficient move¬ 
ment suitable for hunters or racehorses. Generally, hind- 
limbs with more angulation (closed joints) have a longer 
overall limb length and produce a more vertical, folding 
action necessary for the collection characteristic of a 
high-level dressage horse. If the overall limb length is 
too long, it can be associated with either camped-out or 
sickle-hocked conformation. No matter what the hind- 
limb conformation is at rest, however, the connection to 
the loin and operation in morion arc most important. An 
exception to this is that Holmstrom found in Ids study of 
elite horses that they had larger (straighter) hock angles 
than other groups of horses. 1 * Back et al., 1996, reported 
that straighter hock joints were related to longer strides 
and swing duration and to an increased range of tarsal 
motion. This caused maximal protraction and retrac¬ 
tion, which improved gait quality. 3 Magnuson 
et al., 1985, found a positive relationship between 
large hock angles and soundness in the Standard bred 
trotters.' The normal mean pastern angle for the hind- 
limbs is 55°, 7 ** 

Caudal View 

From the rear, both hmdlimbs should appear to be 
symmetric, to be of the same length, and to bear equal 
weight 1 Pig. 2.33). A left-to-right symmetry should be 
evident between the peaks of the croup (tuber sacrale), 


the points of the hip, the points of the buttock, and the 
midline position of the tail. In one study done in Stan¬ 
dard bred trotters, they found that hindquarter asymme¬ 
try (tuber sacrale at unequal heights) and associated fac¬ 
tors had a negative effect on performance 12 (Fig. 2.34). 
The widest point of the hindquarters should be the width 
at the stifles. A line dropped from the point of the but¬ 
tock to the ground will essentially bisect the limb, but 
hindlimbs are not designed to point absolutely straight 
forward. It is necessary and normal for the stifles to point 
slightly outward in order to clear the horse’s belly. This 
causes the points of the hocks to face slightly inward 
and the toes to point outward to the same degree. The 
rounder the belly and/or the shorter the loin and coup¬ 
ling, the more the stifles must point out and the points 
of the hocks will appear to point inward. The more the 
horse is slab-sided and/or longer coupled, the more 
straight ahead the stifles and hocks can point. When the 
cannon bone faces outward, the horse is often cow- 
hocked (Fig. 2.35); when cannon bones face inward the 
horse is bowlegged (Fig, 2.36). 

Increased stress on the hock and fetlock joints can 
occur when the hocks point absolutely straight ahead 
and the hooves toe-out. The hindfcct should be as far 
apart on the ground as the limbs are at their origin in 
the hip. 



Figure 2.33 Normal hindlimbs. A line dropped from the point of 
the buttock (tuber ischii) bisects the limb. 
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Figure 2.34 Illustrates asymmetry between peaks of the croup, 
points of the hip. and points of the buttock. 


Faults in Conformation of the Hindlimbs 

Standing Under Behind {Fig. 2.29) 

Viewed from the side, the entire limb is placed too 
far forward to be perpendicular to the body, or sickle 
hocks are present. A perpendicular line drawn from the 
point of buttock (tuber ischii) would strike the ground 
well behind the limb. 

Excessive Angulation of the Hcx:k (Sickle: Hocks, 
Small Hock Angles) (Fig. 2.30) 

When viewed from the side, the angle of the hock is 
decreased («£ 53**) so that the horse is standing under 
from the hock down. Hock angles < 53° are considered 
sickle . 1 This places the hock under a greater stress and 
predisposes the soft tissue support structures on the 
planter hock region to strain. Small hock angles may also 
impair a horse’s ability to attain the level of collection 


required for good performance in advanced classes. In 
one study done on elite Swedish Warmblood sport 
horses, none of the show jumpers and only one of the 
dressage horses were “sickle hocked.’’ 14 

Excessively Straight Ijmrs ok “Straight Behind'* 
(Fig. 2.31) 

When viewed from rhe side, there is very little angle 
between the tibia and femur, and the hock is excessively 
straight. This is believed to predispose the horse to bog 
spavin and upward fixation of the patella. Generally, 
the pastern conformation will also be too straight. One 
studv, however, documented that srraighter hock angles 
resulted in a longer stride and swing duration and an 
increase in hock joint action (protraction and retraction), 
which improved gait quality. 14 

Camped Behind (Fig. 2.32) 

“Camped behind” means that the entire limb is placed 
too farcaudaily when viewed from the side. A perpendic¬ 
ular line dropped from the point of the buttock would 
hit at the toe, or halfway between the toe and heel. This 
condition is often associated with upright pasterns be¬ 
hind. 



Figure 2.35 Cow hocks accompanied by base-wide 
conformation. Such horses are usually base-narrow as far as the 
hocks, but base-wide from me hocks down. Compare with Figure 
2 33 
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Figure 2.36 Base-narrow behind This is often accompanied by 
' bowlegs,'’ as shown Compare with Figure 2.33. 


Bask- Wide (Fig. 2.35) 

Base-wide means that when viewed from behind, the 
distance betw een the center lines of the feet at their place* 
ment on the ground is greater than the distance between 
the center lines of the limbs in the thigh region. Base¬ 
wide conformation is not as frequent in the hindlimbs 
as in the forelimbs. The most common form of base¬ 
wide conformation is associated with cow hocks. 

Medial Deviation of the Hock (Cow Hocks or 
Tarsus Valgus) (Fig. 2.35) 

“Cow-hocked” means that the limbs arc base-narrow 
to the hock and base-wide from the hock to the feet. 
Cow-hocked conformation is a common defect. The 
hocks are too close, pointing toward one another, and 
the feet arc widely separated. Viewed laterally, the horse 
may be sickle-hocked. Cow-hocked is believed to be one 
of the worst hindlimb conformations there is, because 
the excessive stress on the hock joint may cause bone 
spavin. A combination of sickle hocks and cow hocks is 
observed commonly in western performance horses. 

Base-Narrow (Fig. 2.36) 

Base-narrow' conformation of the hindlimbs means 
that when the animal is viewed from behind, the distance 
between the center lines of the feet is less than the dis¬ 


tance between the center lines of the limbs in the thigh 
region. This is most common in heavily muscled horses. 
It causes excessive strain on the lateral aspect of the limb. 
The feet may toe-in or have straight toes. Base-narrow 
conformation is often accompanied by “bowlegs” or a 
condition in which the hocks arc too far apart. The limbs 
may appear fairly straight to the hock and then deviate 
inward. Most of the horse’s weight is placed on the out¬ 
side edges of the hooves. The hocks may bow outward 
during movement. When a horse has good conformation 
in front and is base-narrow' behind, many types of inter¬ 
ference can occur between the forelimbs and hindlimbs. 


This conformation places stress on the lateral collat¬ 
eral ligaments of the fetlock and phalangeal regions. 


Hoof anatomy and conformation are also discussed 
in Chapters 1 and 9. 


Ideally, the forefoot should be round and wide in the 
heels, and the size and shape of the heels should corre¬ 
spond to the size and shape of the toe. The bars should 
be well developed. The wall should be thickest at the 
toe, and should thin gradually toward the heels; the in¬ 
side wall should be slightly straighter than the outside 
wall. 

The sole should be slightly concave medial to lateral 
and front to back, but an excessive concavity is evidence 
of a chronic foot disease. There should be no primary 
contact between the ground and the sole, as it is not a 
weight-bearing structure. 

The mean foot and pastern axis in the forefoot is 
54°. 7,s The angle of the heel should correspond to the 
angle of the toe, and there should be no defects in the 
wall. The foot should show that the animal is breaking 
squarely over the center of the toe and not over the me¬ 
dial or lateral portion of the toe. The w all should show' 
that it is wearing evenly. 

The frog should be large and well developed with a 
good cleft. It should have normal consistency and clastic- 
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Figure 2.37 Normal forefoot showing structures 
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Figure 2.38 Normal hindfoot Compare with Figure 2,37 The 
toe of the hindfoot is more pointed than that of the forefoot, 


ity, and should be dry and soft. It should divide the sole 
into two nearly equal halves, and the apex should point 
to the center of the toe. Unequal size of the two halves 
may indicare a base-wide or base-narrow conformation. 

Thi: Hindfoot (Fig. 2.38) 

The hindfoot should present a more pointed appear¬ 
ance at the toe than does the forefoot. It should show 
evidence of breaking straight over the toe, and the frog 
should divide the sole into equal halves. The mean foot 
and pastern axis in the hindfoot is 55°, and there should 
he no defects in the wall. 8 The walls should show nor¬ 
mal wear on the medial and lateral sides, and the sole 
should be slightly concave medial to lateral and front to 
back. The sole of the hindfoot is normally more concave 
than that of the forefoot. 

Abnormal Conformation of the Foot 

Fi at Feet 

A flat foot lacks the natural concavity' in the sole; it 
is not a normal condition in light horses but is present 
in some draft breeds. Flat feet may be heritable and arc 
much more common in the forefeet than in the hind. A 
horse with this condition may land on the heels in order 
to avoid pressure on the soles. Sole bruising and the 
lameness that results are common sequelae of flat feet. 
No remedy will cure a flat foot, but corrective shoeing 
can help prevent aggravation of the condition. 

Contracted Foot or Contracted Heels (Fig. 2.39) 

Contracted foot is a condition in which the foot is 
narrower than normal. This is especially true of the back 
half of the foot. This condition is much more common 
in the from feet than in the hind feet, and it may be 


unilateral or bilateral. Hoof contraction can occur rap¬ 
idly, particularly in heels with long toe-low heel confor¬ 
mation resulting in a hoof angle < 45°. 11 Local or coro¬ 
nary contraction of the foot is a contraction at the heels 
confined to the horn immediately below that occupied 
by the coronary cushion. This term merely reflects an 
arbitrary subdivision of contracted foot. 

One should bear in mind that certain breeds of horses 
normally have a foot that more closely approaches an 
oval than a circle in form. A narrow foot is not necessar¬ 
ily a contracted foot, and donkeys and mules normally 
have a foot shape that would be called contracted on a 
horse. Foot contraction may be present in the Tennessee 
Walking Horse and American Saddle bred when these 
horses are used for show because the hoof wall is allowed 
to grow excessively long. 

Unilateral Contracted Foot 

In some horses, a unilateral contraction of one fore¬ 
foot is present. This may be congenital or developmental, 
and it is not known whether this abnormality tends to 
be inheritable. The contracted foot may or may not even¬ 
tually show lameness, hut it should be regarded as an 
undesirable feature. A small foot on one side may also 
indicate a chronic lameness, and can he associated with 
a clubbed foot. 

Bull-Nosed Foot (Fig. 2.40) 

A foot that has a dubbed toe is called a “bull-nosed 
foot.” 

Buttress Foot (Fig. 2.41) 

"Buttress foot” is a swelling on the dorsal surface of 
the hoof wall at the coronary hand. This swelling may 
be from a low ringbone or the result of a fracture of the 
extensor process of the distal phalanx (coffin bone). A 
conical deformity of the toe from the coronary band to 



Figure 2.39 Contracted foot. Note narrowing of the heels and 
quarters Compare with Figure 2.37, 
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Figure 2.40 Buil-no$ed fool. 



Figure 2.41 Buttress foot. 


of some injury that has prevented proper use of the foot 
or may be caused by a flexural deformity involving the 
deep digital flexor tendon. It may be heritable or devel¬ 
opmental. 

Coon-Footed (Fig. 2.42) 

The pastern of the coon-footed horse slopes more 
than the dorsal surface of the hoof wall. In other words, 
the foot and pastern axis is broken forward at the coro¬ 
nary band. It may occur in either the forefeet or hind- 
feet, and it may cause strain on the flexor support struc¬ 
tures and on the common digital extensor tendon. 

MOVEMENT 

Movement is composed of a horse’s travel and action. 
Although the lower limbs are the focal point of evalua¬ 
tion, movement is a combined effort of the horse’s entire 
body. “Travel” refers to the flight of a single hoof in 
relation to the other limbs, and is often viewed from the 
front or rear. “Action” takes into account joint flexion, 
stride length, suspension, and other qualities. It is usually 
assessed from a side view. 

The Natural Gaits 

The “walk” is a four-beat gait (Fig. 2.43) that should 
have a very even rhythm as the feet I and and take off in 
the following sequence: left hind, left fore, right hind, 
right fore. A horse that is rushing at the walk might either 
jig or prance (impure gaits composed of half walking, 
half trotting) or might develop a pacey walk. The “pace” 
(Fig. 2.44) is a two-beat lateral gait in which the two 
right limbs rise and land alternately with the two left 
limbs. Although the pace is a viable gait for a Standard- 
bred racehorse, a pacey walk is considered an impure 
gait for most riding horses because the even four-beat 
pattern of the walk is broken. 

The “trot” is a two-beat diagonal gait (Fig. 2.45). 
Traditionally, the trot refers to an English gait with a 
moderate to great degree of impulsion. The right fore 
and left hind rise and fall together alternately with the 


the ground surface (a result of deformed hoof growth) 
is caused by chronic swelling at the coronary hand. 

Thin Wai is and Same: 

Thin walls and sole accompany one another and are 
heritable. The conformation of the foot may appear nor¬ 
mal, but the hoof wall either wears away too rapidly or 
does not grow fast enough to avoid the effects of sole 
pressure. This condition is especially noticeable at the 
heels, where the foot axis may be broken by the tendency 
of the heel to be too low. 

Club Foot 

A “dub foot” is one that has a foot axis of 60° or 
more. When a club foot is unilateral, it may be the result 



Figure 2.42 Brofcen angle between hoof and pastern axis 
(coon-tooted). The foot axis is steeper than the pastern axis.. 
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opposite diagonal pair (left fore and right hind). Often, 
the trot is a horse’s steadiest and most rhythmic gait. 
The (western) jog is a shorter-strided trot with less im- 
pulsion. If a horse is jogged too slow, the gait becomes 
impure as the diagonal pairs break and the horse essen¬ 
tially walks behind and trots in front. 

The "canter” or "lope” (Fig. 2.46) is a three-beat gait 
with the following sequence: one hindlimb, then the 
other hindlimb simultaneously with its diagonal fore¬ 
limb, and finally the remaining forelimb. If a horse is on 
the right lead, the initiating hind will be the left hind, 
the diagonal pair will be the right hind (sometimes re¬ 
ferred to as trie supporting hind) and the left fore, and 
the final beat will occur when the leading forelimb (the 
right fore) lands. Then there is a moment of suspension 
as the horse gathers its limbs up underneath itself to get 
organized for the next cycle. When observing a horse on 
the right lead from the side, it is evident that the right 
limbs will reach farther forward than the left limbs. A 
change of lead (Fig. 2,47) should occur during the mo¬ 
ment of suspension so that the horse can change both 
front and hind simultaneously. 


The “gallop” or run is a four-beat variation of the 
canter (Fig. 2.48). With increased impulsion and length 
of stride, the diagonal pair breaks, resulting in four beats. 
The footfall sequence of a right lead gallop is left hind, 
right hind, left fore, and right fore. As in the canter, the 
right limbs will reach farther forward than the left limbs 
when the horse is in the right lead. There is a more 
marked suspension at the gallop than at the canter. 

The "back,” performed in its correct form, is a two- 
beat diagonal gait in reverse. The left hind and right fore 
arc lifted and placed down together, alternating with the 
right hind and left fore. 


The Phases of a Stride 

The five phases of a horse’s stride are landing, loading, 
stance, breakover, and swing (Figs. 2.49, 2.50, and 
2.51). 

Landing (Fig. 2.49). The hoof touches the ground, 
and the limb begins to receive the impact of the body’s 
weight. 





Figure 2.47 Canter with flying change, right lead to left lead. 
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Figur* 2.48 The gallop, right lead. 


Loading (Fig. 2.49). The body moves forward, and 
the horse’s center of gravity passes over the hoof. Usu¬ 
ally, this is when the fetlock descends (extends) to its 
lowest point, sometimes resulting in an almost horizon¬ 
tal pastern. 

Stance (Fig. 2.50). The fetlock rises to a configuration 
comparable to the horse’s stance at rest. The transition 
between the loading phase and the stance phase is very 
stressful to the internal structures of the hoof and lower 
limb. The horse's center of gravity moves ahead of the 
hoof. The flexor apparatus lifts the weight of the horse 


and rider and the fetlock begins to move upward. The 
pastern straightens and the limb begins pushing up off 
the ground. 

Breakover (Fig. 2.50). Breakover is the phase when 
the hoof leaves the ground. It starts when the heels lift 
and the hoof begins to pivot at the toe. The knee (or 
hock) relaxes and begins to flex. Breakover is measured 
from the time the heels leave the ground to the time the 
toe leaves the ground. The deep digital flexor tendon 
(assisted by the suspensory ligament) is still stretched 
just prior to the beginning of breakover, to counteract 
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Landing 



Loading 


Figure 2.49 Phases of the stride: landing, loading. (Reprinted with permission from Hill C. Kiimesh R. 
Maximum Hoof Power. North Porrfret. VT: Trafalgar Square Publishing. 2000.) 



Stance Breakover - heel lift Breakover - toe pivot 



Figure 2.50 Phases of the stride: stance, breakover-heel lift, Klimesh R. Maximum Hoof Power. North Pomfret, VT: Trafalgar 

breakover-toe pivot. (Reprinted wtift permission from Hill C, Square Publishing 2000.) 


the downward pressure of the weight of the horse’s 
body. 

Swing I Fig. 2.51). The limb moves through the air 
and straightens out in preparation for landing. 

Stride Length 

For years, it was believed that leaving the toe of a 
hoof long would increase a horse’s stride length, thereby 
contributing to a smooth and efficient stride and fewer 
strides over a given distance. In the past, racehorses, 
showring hunters, and jumpers have mistakenly been 


shod with long toes and low heels to create a supposedly 
advantageous acute hoof angle. Research has shown 
that, contrary to popular opinion, horses with long toes 
and an acute hoof angle do not take longer strides/ 1 11 
Long toes (often accompanied by low, run-under heels) 
put the pivot point of the hoof farther forward than nor¬ 
mal. The long toe acts as a lever arm during breakover, 
making it more difficult for the heels to rotate around 
the toe; consequently, tension in the deep digital flexor 
tendon may be prolonged and/or exaggerated. Addition¬ 
ally, the navicular ligaments, which stabilize the navicu¬ 
lar bone and which are already stretched to the maxi- 
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Swing 

Figure 2.51 Phases of the stride; swing. (Reprinted with 
permission (com Hill C, Klinrtesh R. Maximum Hoof Power. North 
Pomfret, VT; Trafalgar Square Publishing, 2000.) 


Top 



A 


mum at the beginning of breakover in a normal hoof, 
are stressed excessively during the breakover of a hoof 
with an acute angle. The delayed breakover allows the 
mass of the horse’s body to move farther forward over 
the horse's limbs before the limbs leave the ground. 

Research has shown that the arc of hoof flight was 
not significantly changed by trimming (Fig. 2.52). 10 
However, the approach to the loading phase and the 
landing phase were affected. With a normally trimmed 
hoof, the toe of the hoof elevated slightly prior to landing 
as the hoof prepared for a heel-first or flat-foot impact. 
The hoof with an acute angle approached the ground 
toe-first, often landing w ith the toe impacting first. Such 
stabbing into the ground with the toes resulted in a bro¬ 
ken, jarring motion rather than smooth action. Addition¬ 
ally, when the front feet were trimmed normally and 
the hind toes were long, the hind feet left the ground 
significantly later than their diagonal forefeet. However, 
the hindlimbs compensated for the delay in breakover 
by moving through the air more rapidly so that they 
could catch up and land at the same time as their corre¬ 
sponding diagonal forefeet. This caused an unevenness 
in the gait; the horse was first delayed behind and then 
hurried the movement of the hindlimbs to catch up. 

Research has also disproved the popular theory that 
long toes in the hind may make a horse reach farther 
forward. 1 On the contrary, rather than the hindlimbs 
reaching farther forward, the horse's mass moves further 
ahead of the weight-bearing limbs before they leave the 
ground. This tends to put the cycle of the forelimb move¬ 
ment further under the horse, thereby lessening the po¬ 
tential for (hindquarter) engagement. 



B 


Bottom 



C 


Figure 2,52 Arc of hoof flight. Top. Normal hoof and pastern 
angle. A. Proposed are of foot flight B. Actual arc of foot flight 



Bottom. Long toe, tow heel, acute hoof angle. C. Proposed arc of 
foot flight. D. Actual arc of foot flight shown by recent research. 
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Normal Movement 

The straight foot flight pattern that is used as a basis 
when referring to deviations has often been termed 
“ideal.” The fact is that such a foot flight ts ideal only 
for a horse with ideal body and limb conformation. 
Horses with structural imperfections (virtually all 
horses) will have individual ideal foot flight patterns that 
compensate for imperfections; such individual patterns 
may not be “textbook pretty*” but may well be func¬ 
tional. Instead of thinking of the straight foot flight as 
ideal* think of it as “standard” so that* rather than repre¬ 
senting a goal to strive for* the term indicates a baseline 
for comparison. 

The standard for forelimb movement starts with a 
straight bony column and a series of hinge joints all sym¬ 
metrically conformed and working in a true forward- 
backward plane. Add to this a balanced hoof, and the 
result should be a straight foot flight. 


Because hindlimbs nearly always turn out to some 
degree, the standard foot flight for the htndltmb will he 
different than for the front limb. Depending on the con¬ 
formation of the hindquarters* this turning out of the 
limb facilitates a freer working of the stifle. The bone 
structure of a heavily muscled horse may* by genetic de¬ 
sign* turn out in order to allow more drive and reach 
with the hindlimbs. This would also counteract the in¬ 
ward pull characteristic of a horse with heavy inside gas- 
kin muscles. 

Movement Abnormalities 

“Gait defects” are movement abnormalities that con¬ 
sistently occur during regular work. 

Forging 

Forging is a gait defect that is commonly heard when 
a horse is trotting. Forging (Figs. 2.53 and 2.54) occurs 



Figure 2.53 Forging at ttw trot hind foot and front foot on same side make contact. 



Figure 2.54 Forging dose-up (Reprinted with permission from Hill G, Klimesh R. Maximum Hoof Power. 

North Pom fret. VT: Trafalgar Square Publishing, 2000.) 
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when a hind foot contacts a from foot on the same side. 
Frequently, contact is made when the hind foot is gliding 
in for a landing and the front foot is beginning its swing 
phase. If the front foot is delayed in its breakover, the 
hind foot may arrive before the forefoot has a chance to 
get out of the way. As the fore fetlock begins flexing, 
the toe of the front shoe ma> swing back and slap the 
toe of the landing hind shoe. This creates a characteristic 
“clicking’’ as the shod horse trots, or a dull “thwacking” 
if the horse is barefoot. 

Forging is related to overreaching. Forging customar¬ 
ily refers to the contact made between shoes or hooves. 
A horse can receive sole bruises from a single blow or 
repeated tapping. Overreaching (Fig. 2.55) usually indi¬ 
cates that a front shoe has been pulled off by a hind, or 
that the hind has injured some part of the forelimb such 
as the heel bulb, coronary hand, or even the fetlock or 
flexor tendons. A horse that forges or overreaches may 
be more prone to stumble or fall, especially at the mo¬ 
ment when rhe shoe is stepped on or pulled off. If the 
conditions that cause a horse to forge are ignored or 
unintentionally perpetuated, the stride imbalances may 
progress to overreaching. 

Forging and overreaching are indications that the 
horse’s movement is out of balance. Balance is customar¬ 
ily discussed in terms of dorsal-palmar (DP) balance, left- 
right (I.R) balance, and medial-lateral (ML) balance. 

DP balance can refer to the relationship between the 
front and rear of the horse’s entire body as well as to 
the relationship between the toe and heel of the hoof. 
LR balance refers to the relationship between the left 
and right sides of the horse’s body. There arc inherent 
discrepancies in LR balance in most horses. ML balance 
is often used to describe the relationship between the 
two halves of a limb or hoof when viewed from the front 
or rear. Each limb and hoof is evaluated individually for 
ML balance. The most graphic examples of ML imbal¬ 
ance are seen in the knees, hocks, fetlocks, and hooves. 
These imbalances arc implicated as causes of gait defects 
such as winging in and paddling. Although LR and ML 
imbalances can complicate a forging horse's problems, 


forging and overreaching are mainly attributed to DP 
imbalances. Other movement abnormalities include 
cross firing (Fig. 2.56) and scalping (Fig. 2.57). 

Causes of Forging. A horse’s balance during move¬ 
ment is affected bv manv factors: conformation, condi- 
rion, energy level, mental attitude, footing, level of train¬ 
ing, gait or maneuver being performed, proficiency of 
rider, and shoeing. All of these factors affect breakover, 
but the theoretical discussion of breakover deals with 
the function of one limb at a time. To correct forging, 
the timing and direction of breakover of all of the hooves 
must be coordinated so that the limbs work in harmony 
and avoid collision. 

Lateral Gait Defects 

A lateral gait defect «s one that involves a regularly 
occurring, abnormal sidew ays swing of a limb. Some lat¬ 
eral gait defects result in actual physical contact with an 
opposite limb; others do not. Paddling or dishing, often 
seen with bowiegged, toed-in, or wide-chested and base- 
narrow horses, is a swinging out of the limb from the 
midline so that contact rarely results. In contrast, inter¬ 
fering is frequently associated with narrow-chested and/ 
or toed-out horses. Such chest conformation places the 
limbs closer together, and the toed-out hoof predisposes 
the horse to winging, i.e., swinging the limb toward the 
midline during night. As one limb swings inward, it 
passes the opposite limb, which usually is in a weight¬ 
hearing position. It is at this moment that contact might 
occur. The higher up the limb the turned-out deviation 
is located, the greater the torque that is imparted to the 
limb and the worse the winging-in will likely be. Swing¬ 
ing in of the limb, often called “brushing,” is commonly 
referred to as “interfering” when contact between the 
two limbs is made. 

Interfering occurs rarely at the walk. It appears most 
commonly at the trot and the other two-beat diagonal 
gait, backing up. The speed and energy level with which 
a horse moves its limbs has an effect on its tendency to 



Figure 2.55 Overreaching close up. Overreaching or (Reprinted with permission from Hill C. Kbmesh R. Maximum Hoot 

“grabbing*' can occur when the front feet are delayed in breakover. Power. North Pomfret. VT: Trafalgar Square Publishing. 2000.) 
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Figure 2.56 Cross firing at the pace, 
hindlimh strikes opposite foreMmb. 



Figure 2.57 Various forms of hindlimb contact at the trot. 1, scalping; 2, speedy cutting: 3. shin hitting; 4. 

hock hitting. 


interfere. One horse may interfere at a jog but not at the 
extended trot; another horse may move with adequate 
clearance at the jog but not at an energetic trot. Similarly, 
one horse performing a quiet rein back might place its 
limbs carefully, but if it were asked to speed up the back 
in a reining pattern, its limbs might swing from side to 
side and collide. Another horse may work its limbs with 
piston-like precision while backing quickly and straight 
but might exhibit an altered foot flight if asked to slow¬ 
down. 

Interference can occur from the knee to the hoof of 
the front limbs, and usually from the fetlock to the hoof 
of the Hindiimbs. If a horse does not wear protective 
boots, the first signs of interference may be pain, heat, 
or swelling in the area of contact. The problem may esca¬ 
late to include missing hair, bruises, cuts, lesions, chronic 
sores, and perhaps underlying bone damage. 

Protective boots should be used, examined, and 
cleaned after each workout, and points of contact noted. 
However, just because contact was made with a boot or 
leg wrap does not mean that contact would have been 
made without the protective gear, because the thickness 
of the boot may be the safe tolerance in which the un¬ 
booted horse would work. Rather than take a chance of 
injury, however, it is best to use protective boots on all 


young horses and older horses with interference tenden¬ 
cies. 

A horse sometimes will show reluctance to perform 
certain maneuvers that have caused it to hit itself in the 
ast. The horse may try to avoid circular or lateral work 
y stiffening the back and working with short hopping 
strides with the hindlimbs. With a reining horse, interfer¬ 
ence problems in the front limbs may make it reluctant 
to add speed to its turnaround. 

Factors That Affect Movement 

There are many elements that affect a horse’s move¬ 
ment. When lameness is a concern, the factors that are 
traditionally considered are lower limb conformation, 
pain, and shoeing. However, other factors should be con¬ 
sidered because, in many cases, understanding the whole 
picture will result in a better treatment program and ulti¬ 
mately a more effective plan for lameness prevention. 

Conformation 

There arc no absolutes when it comes to predicting 
whether a horse will paddle, wing-in, or travel straight. 
Generalizations related to stance, breed, or type are fre- 
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quentlv proved wrong, lateral gait defects can affect a 
pair ol limbs or a single limb. Conformational compo¬ 
nents include (in the front limb, for example) shoulder 
to rib cage attachment; width of chest; width at knees, 
fetlock, and hoof; and straightness of forearm, cannon, 
and pastern regions. 

The abnormal development of a joint (particularlv the 
carpal and fetlock joints) can also cause a limb to exhibit 
a lateral gait defect. Normally, the fetlock and carpal 
joints work in a hingelike fashion, backward and for¬ 
ward in a straight line, parallel ro the horse’s midline. 
An abnormally developed joint tends to hinge in a 
swivel-like motion at an angle to the horse's midline. 
This arc causes the limb to deviate in flight. 

Many factors influence how close a horse's front and 
hind feet come together when it is moving: the relation¬ 
ship between the height at the wither and the height at 
the hip; the amount of muscling and the width of the 
chest and hips; the length, proportion, and shape of the 
topline components; the relationship between the length 
ot the topline and the length of the underline; and, per¬ 
haps, most commonly, the relationship between the 
length of the underline and the length of the limbs. 
Horses with short backs and long limbs, and especially 
those with short forelimbs and long hindltrnhs, are the 
most likely to have contact between forelimhs and hind- 
limbs. 

Pain 

Even if a horse shows all of the conformational traits 
that theoretically add up to straight travel, if it experi¬ 
ences pain in a portion of its body, it may break all of 
the conformation rules as it attempts to use its limbs in 
a manner that creates the least stress and pain. An injury 
or soreness in a limb or an associated structure can cause 
a horse to protect one portion of the limb when landing, 
subsequently altering the arc of the foot's flight. For ex¬ 
ample, if the horse is sore in the navicular region of the 
front feet, instead of landing heel first and rolling for¬ 
ward, he may land toe first, which will shorten the stride. 

When a horse has pain in a part of the body other 
than the hooves or limbs, its balance during movement 
may be negatively altered as it compensates for the sore¬ 
ness. Back soreness can mimic a lower limb lameness 
and alter foot flight. A variety of other factors can cause 
the horse to carry its body in a stiff or crooked fashion 
(e.g., muscle cramping, or poor-fitting rack). Sometimes, 
the stiffness or pain is subtle but just enough to prevent 
the horse from tracking straight. 

Imbalance 

Gait defects often occur simply because the horse is 
trying to keep its balance. It is attempting to keep its 
limbs under its center of mass. Basically, there are three 
forces at work when a horse moves: the vertical force of 
the weight of the horse and rider, the horizontal force 
of the horse moving forward, and the swinging or sidc- 
to-side motion of the horse at various gaits. Exactly 
where under its body a horse places its limbs is deter¬ 
mined in large part by the interaction of these three 
forces and the direction of their composite. A barefoot 
horse moving free in a pasture rarely interferes. It is w r hen 
a horse carries a rider and is asked to perform in collected 


and extended frames at both faster and slower speeds 
that interfering occurs. 

A rider can make a horse move well or poorly. Rider 
proficiency will determine how the horse distributes its 
weight (from front to rear and from side to side), how 
the horse changes the speed or the length of a stride 
within a gait, and how the horse adapts the stride when 
turning, stopping, and performing such maneuvers as 
lead changes, inadequate riding skills exaggerate the de¬ 
ficiencies in a horse's conformation and way of going. 
Because no horse moves perfectly at all times, it takes a 
knowledgeable and competent rider to compensate for 
a horse’s shortcomings. A rider’s balance and condition, 
as well as talent, coordination, and skill at choosing and 
applying the aids, greatly affect a horse's coordination. 
A horse must be warmed up in a progressive manner 
before being given more difficult work. 

Inexperienced riders often ask a cold or poorly condi¬ 
tioned horse to do three things at once (such as come to 
a hard stop from a thundering gallop, make a sharp turn, 
and lope off in the opposite direction) without properly 
preparing the horse or helping it perform in a balanced 
fashion. When a horse is asked to do something it is not 
physically ready to do (such as a flying lead change, a 
deep stop, a fast burst our of the roping box, any kind 
of lateral work, a tight landing after a jump, or a sharp 
turn), it can easily overreach or interfere. 

An unskilled rider can easily throw off a horse’s bal¬ 
ance formula. Inexperienced riders often commit one or 
more of these imbalance errors: sir off to one side of the 
saddle, often with a collapsed rib cage; ride with one 
stirrup longer; ride with a twisted pelvis; lean one shoul¬ 
der lower than the other; hold one shoulder farther back 
than the other; or sit with a tilted head. All of these 
postures can alter the horse's composite center of mass 
and can cause the horse to make adjustments in order 
ro stay balanced. Riders rhat let their horses ramble on 
in long, unbalanced frames, heavy on the forehand, also 
seem to have more forging problems. Some horses are 
able to compensate for an imbalanced rider without forg¬ 
ing or interfering and others arc not. 

Some horses simply have an imbalanced way of going. 
Certain horses arc uncoordinated, inattentive, and 
sloppy, whereas others move precisely, gracefully, and 
balanced. Training, conditioning, and conscientious 
shoeing can improve a poor mover’s tendencies; but 
some horses, no matter how talented the rider and far¬ 
rier, will consistently move in an imbalanced fashion. 

» # 

Shoeing 

Recent but improper shoeing can be responsible for 

{ tail defects. If a farrier’s shoeing style is the “long-toe, 
ow-heel,“ a horse is set up to forge and possibly inter¬ 
fere. When a horse is overdue for a reset, even it it was 
shod by a world-class farrier 8 weeks previously, its 
hooves have probably grown so out of balance that it 
could easily exhibit gait abnormalities. Sometimes, just 
going a week past the horse’s needs can adversely alter 
the gait synchronization. 

Footing 

The surface the horse is worked on will directly affect 
its movement. Traction on dirt occurs when the horse’s 
weight descends through the bone columns of the limbs. 
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causing the hooves to drop 0.5 inch or more into the 
ground at the same time the soil is cupped upward to¬ 
ward the sole. This happens whether a horse is barefoot 
or shod. Shoes basically extend the hoof wall, creating 
a potentially deeper cup to the bottom of the hoof, there¬ 
fore increasing traction potential in dirt or soft footing. 

Ideal arena footing is light and does not stay com¬ 
pressed, so some dirt falls out of the hoof readily with 
every stride. During the work of a very active horse, dirt 
literally flies out of the shoes; but a placid horse may 
not move its limbs energetically enough to release some 
dirt with each stride. In dry arenas, the moderate amount 
of dirt in the shoe comes in contact with the dirt of the 
arena and results in good traction. However, if condi¬ 
tions are damp to wet and the footing is heavy, the 
hooves may pack and mound, thereby decreasing stabil¬ 
ity and traction. Packed dirt left in for prolonged periods 
of time creates constant pressure on the sole and can 
cause sole and frog bruises. Therefore, for work in soft, 
wet, and/or deep footing, it is important for shoes to be 
self-cleaning: they should allow mud, manure, or snow 
to move out at the base of the frog. This will ensure 
that the horse has an open sole and maximum traction 
potential for each stride. 

Heavy footing (sand, mud, snow, long grass) gener¬ 
ally delays front foot breakover. If a horse must be 
worked on footing it is unaccustomed to, protective 
boots may be helpful. Bell boots and scalping boots may 
prevent injury to the heels and coronary bands. Over¬ 
reach boots provide protection to the tendons. 

Traction 

In some instances, a horse requires greater traction 
than would be provided by a standard shoe. Generally, 
the wider the web of the shoe, the less traction the shoe 
provides. The extreme is the sliding plate, which can be 
over 1 inch wide and allows the horse to “float'* over 
the ground surface. Optimum traction can i ncrease horse 
and rider safety, increase a horse’s feeling of security so 
it will stride normally, and help a horse to maintain its 
balance in unstable footing such as mud, ice, snow, or 
rock. 

Permanent calks, those driven into the shoe, forged 
into the shoe, or brazed or welded onto the shoe, provide 
good traction. However, such calks cannot be dunged 
between shoeings and may lose their effectiveness as they 
wear down. 

Removable screw-in calks (studs) may be the best an¬ 
swer when performance requirements or footing are con¬ 
stantly changing. Event riders can use large studs for rhe 
cross-country phase of competition and take them out or 
replace them with smaller studs for dressage and stadium 
jumping. 

Jar calks (either rectangular or triangular pieces of 
steel) can be brazed on the shoes to prevent sideways 
slipping while allowing the hoof to slide forward on 
landing. They are usually applied at the heels and set in 
the direction of travel, not parallel to the sides of the 
shoe. However, if the goat is to decrease both sideways 
and forward/backward slipping, the jar calks can be 
placed parallel to the sides of the shoe. 

Toe grabs, as the name implies, arc placed on the front 
of the shoe. They are commonly used on racehorses to 
improve traction. One study documenting the effects of 
toe grabs on Thoroughbred racehorses round that toe 


grabs were associated with increased odds of fatal appen¬ 
dicular musculoskeletal injury and, specifically, suspen¬ 
sory ligament failure, 5 Increasing the height of the toe 
grabs also was associated with increased odds of injury. 
Conversely, horses shod with rim shoes appeared to nave 
a decreased risk of injury. 17 

Before additional traction devices are considered, the 
horse must be fit and in working condition. A condition¬ 
ing program should be designed to strengthen the liga¬ 
ments, muscles, and tendons via progressive, regulated 
stretching and exercise. Adding traction to an uncondi¬ 
tioned horse may result in injured ligaments and tendons. 

Condition, Level oe Fitness 

A horse’s level of fitness as well as energy level affects 
its movement. In general, a horse has 15 minutes of peak 
performance, whether in a daily work session or at a 
competition. The horse may be either approaching that 
peak period or coming away from it. A rider must know 
now to properly warm up a horse to establish the most 
natural and efficient way of going for that horse; then the 
rider must assist (and not hinder) the horse in working in 
a balanced frame during the peak period. Finally, a rider 
must know how to gradually let the horse come down 
from its peak. A horse predisposed to forging or over¬ 
reaching may likely do so if it is allowed to dawdle 
around on the forehand during the warm-up, if the bridle 
reins are pulled up suddenly and the horse is put to work 
when it is “cold,” if contact is “thrown away” all at once 
or engagement is allowed to slip away during work, or 
if the horse is allowed to fall on its forehand immediately 
following the completion of its peak performance. 

If a rider asks too much in relation to a horse’s current 
physical capabilities or fitness level, the horse, com¬ 
monly, will attempt to adapt while complying. If over¬ 
worked, many horses will continue moving forward but 
will modify stride to minimize fatigue and discomfort to 
flexor muscles and tendons. One study done on kinemat¬ 
ics of unmounted and mounted horses at a walk before 
and after treadmill exercise concluded that strenuous 
workload significantly influenced kinematics even at a 
walk, although each horse kept its characteristic gait pat¬ 
tern. 1,23 When a tired horse adjusts the timing of the 
various phases of its stride, it can result in gait defects. 

If the hindquarters have not been properly conditioned 
and strengthened, a horse will rely heavily on the fore¬ 
hand for both propulsion and support. This makes it 
even harder for the already heavily weighted forehand 
to get out of the way of the incoming Kind feet. 

Poor condition or fatigue will often cause a horse to 
fling its limbs aimlessly; the horse does not have the mus¬ 
cle strength or energy necessary to project its limbs in a 
controlled fashion. In some cases, when a lazy horse 
moves slowly at a trot, it may move sloppily and care¬ 
lessly, causing it to interfere occasionally. Requiring such 
a horse to move out with more energy may smooth out 
gait defects. This situation can be interpreted as an ex- i 
ception to the general rule that an increase in speed usu¬ 
ally brings an increase in the potential to interfere. The 
amount of weight that a horse is carrying can also exag¬ 
gerate its lateral limb movements. An overweight horse 
or heavy rider may cause more side-to-side sway, which 
will alter the net force of forward movement. 

| 

Age and Stage ok Development I 

A study looking at longitudinal development of 
equine locomotion from foal to adult concluded that 

I 
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there appears to be a high similarity and a good correla¬ 
tion between foal and adult locomotor variable, thereby 
enabling an accurate prediction of adult kinematics from 
those recorded at foal ager 

However, young horses that do not have fully devel¬ 
oped muscles may lack the width of chest, stifle, or hip 
that will prevent them from interfering once they are 
adults. The relationship between the inside (axial) and 
outside (abaxial) muscles also can affect how the limb 
swings. A horse with heavy outside gaskin muscling and 
(in comparison) light inside gaskin muscling, especially 
if its hindiimbs toe-out, will tend to have trouble keeping 
its limbs under its body during a stop. This can be a 
major problem for a stock horse. There simply is not 
enough inside gaskin muscle power to counteract the 
ourward rotation of the limb during the stop. To compli¬ 
cate things, this type of limb tends to wing inward during 
forward movement, so interference might occur. 

Training 

One of the main causes of intermittent gait defects is 
asking a horse to perform something beyond its level of 
training. One of the first goals of training is to teach a 
horse to track straight. Until a horse learns to strongly 
and decisively step up underneath itself, its travel is often 


wobbly and inconsistent. Working on circles and lateral 
maneuvers before a horse is balanced and supple can 
cause it to make missteps and interfere. Asking a horse 
to perform advanced movements like the passage, canter 
pirouette, or turnaround before the horse is physically 
developed and trained can increase the possibility of in¬ 
terference. These movements are characterized by either 
higher action, greater speed, or a greater degree of joint 
flexion, all of which tend to increase rotational forces of 
the limb and the possibility of interference. Gait defects 
tend to surface with an increase in speed within a gait 
as well as the extension of a stride within a gait. 

Tack 

Poor-fitting saddles can be a cause of back pain and 
subsequently poor movement. If rhe tree is too narrow, 
it can cause pinching of the nerves and muscular pain. 
If the tree is too wide, it can cause the weight of the 
saddle and rider to be borne directly by the vertebrae. 

Other Factors 

Many other factors can cause a horse to move in an 
irregular fashion. Some mares move with extreme stiff¬ 
ness and tension during their escrous cycle. A horse with 


Terms Associated With Movement 


Action the style of the movement, including joint flexion, 
stride length, and suspension; usually viewed from the side. 

Asymmetry a difference between two body parts or an alter¬ 
ation in the synchronization of a gait; when a horse is per¬ 
forming asymmetrically, it is often said to be "off.” 

Balance the harmonious, precise, coordinated form of a 
horse's movement as reflected by equal distribution of 
weight from left to right and an appropriate amount of 
weight carried by the hindquarters. 

Breakover the moment between the stance and swing 
phases as the heel lifts and the hoof pivots over the toe. 

Cadence see “Rhythm.” 

Collection a shortening of stride within a gait, without a 
decrease in tempo; brought about by a shift of the center 
of gravity rearward; usually accompanied by an overall 
body elevation and an increase in joint flexion. 

Directness triteness of travel, the straightness of the line in 
which the hoof (limb) is carried forward. 

Evenness balance, symmetry, and synchronization of the 
steps within a gait in terms of weight hearing and riming. 

Extension a lengthening of stride within a gait, without an 
increase in tempo; brought about by a driving force from 
behind and a reaching in front; usually accompanied by a 
horizontal floating called “suspension.” 

Gail an orderly footfall pattern such as rhe walk, trot, or 
canter. 

Height the degree of elevation of arc of the stride, viewed 
from the side. 

Impulsion thrust, the manner m which the horse’s weight 
is settled and released from the supporting structures of 
the limb in the act of carrying the horse forward. 

Ovcrtrack “tracking up”—the horse's hind feet step on or 
ahead of the front prints. 

Pace the variations within the gaits such as working 
trot, extended trot, collected trot; a goal (in dressage) 


is that the tempos should remain the same for the various 
paces within a gait. Pace also refers to a specific two-bear 
lateral gait exhibited by some Standardbrcds and other 
horses. 

Power propelling, balancing, and sometimes pulling forces. 

Rapidity promptness, quickness; rhe time consumed in tak¬ 
ing a single stride. 

Regularity the cadence, the rhythmical precision with 
which each stride is taken in turn. 

Relaxation absence of excess muscular tension. 

Rhythm the cadence of the footfall within a gait, raking 
into account timing (number of beats) and accent. 

Sprain injury to a ligament when a joint is carried through 
an abnormal range of motion. 

Step a single beat of a gait; a step may involve one or more 
limbs. In the walk, there are four individual steps. In the 
trot, there are two steps, and each involves two limbs. 

Stiffness inability (pain or lack of condition) or unwilling¬ 
ness (had attitude) to flex and extend the muscles or joints. 

Strain injury (usually to muscle and/or tendon) from over¬ 
use or improper use of strength. 

Stride, length of the distance from the point of breaking 
over to the point of next contact with the ground of rhe 
same hoof; a full sequence of steps in a particular gait. 

Suppleness flexibility. 

Suspension rhe horizontal floating that occurs when a limb 
is extended and the body continues moving forward; also 
refers to the moment at the canter and gallop when all 
limbs arc flexed or curled up, reorganizing for the next 
stride. 

Tempo the rate of movement, the rate of stride repetition; 
a faster tempo results in more strides per minute. 

Travel the path of the hoof (limb) flight in relation to the 
midline of the horse and the other limbs; usually viewed 
from rhe from or rear. 
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Examination for Lameness 
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L. amends is an indication of a strut tors I or functional 
disorder m one or more Unites or the hick that is evident 
while the hr>«r is standing u-r in movement 1 ' 35 LtdifllHi 
can he caused by crau m a, ccMygaiiral or acquired anoma¬ 
lies, in&ttfon, nitrabolk disturbance*, dteulumy and 
nervous disorders, and any comb nation of these. I he 
diognndi of lameness fetjulres a detailed fcnnwUd&e of 
anatomy, an understanding of kinematics, and an appre- 
ciatiLHi for geometric design and fewhanT for«s. 

The essurtlrter most <1 Iso tee able to difititntitft be¬ 
tween Lameness resulting from painful and nonpa inful 
aliararicms in gait, often referred mat "mechanical lajtie- 
fiWk" Hind laitttrtess ri salting from neurologic In erven® 
system i dysfuncTion . 1 ' 4 Fc make this differentiation. a 
complete history iinIiidiiiy, tigiijliueni udlurfHl taken. 
The horse is then observed at resr and at exercise to 
identifo rhe llnab h >* limb* involved, Mcitt, the mmiiKf 
palpates and pe rf 1 irns manipulation to identify the re¬ 
gion of pain, Note that veterinarians often palpate rhe 
Limbs, digital pulton buck, and fleck and perform the 
hoof tetter e®a mi nari< >n before excrcisini; the horse. Di¬ 
agnostic anesthesia and imaging may nUw to clarify 
the location trf pain, rise problem, ard rise extern erf in¬ 
jury, lilood samples may also be taken for laboratory 
analysts. 

CLASSIFICATION OF L0UEHES& 

Lamertests cart be classified into one erf four types; 

1, .s.-t/jjKjrffaj!' btnb is ippmn when 1 lie foot 

first contacts the ground or when rise limb is sup 
pOftiflg height nee phase}. It is considered: to be 
caused by Jnpuy to bones, joi ms, soft ikw support 

Structures |c.g., ligamuitts and lie si it tendonsl, 
motor nerves, or the foot, 

2. Swinging limb tswnm is evident when the limb is 

ifl il'irjCcLiiL. Jl is ucnsidrr^J to hrOT used bj |vrl'i:h. i .ii. 

1 hangs® invotring pints, muscles, tendons (primar¬ 
ily enenson}, tendon sheaths, or bums, 

J, Aljirnr ImwttSt lc seen when the kmb is moving 
(furious phasel and when it ic suppttjig wtight 
(finance phase), it ea n Lnvol t any conibllUttOA of flu 
sctinctureb affected i,»i swinging or supporting brute 


lameness, By observing; the gait from a distance, the 
examiner can determine whether the lameness is 
supporting limb, swinging limbi or mixed. Some 
conditions that produce supporting limb lameness 
may cause rite Bur** to alter the nwranem of she 
limb to protect the feat when ir lands. This ctwid 
be mistaken for a swinging limb ItlMNM. 

4. Cimtplement^n or compensatory lameness occurs 
wjiai psip fo a Limb causes uneven distribution tjl 
weight on another limb or limbi. This can produce 
lameness fo a previously sound limb, it is common 
to law a vojnpkmeniary lameness in a fopdirasLi lor 
hindiittib) as a result -rf lameness ifl the opposite 
forelimh (or Jamdllnatej. ” In addition, lameness in 

;l hindlimh Ci>n residt ifl lamentu in thy op p oi fec 
forelitnb fo.g., Lefr rear and right front). This occurs 
Ifl OH tnm en-nltly lit botSflS dttt lit Ml utreil to work 
off their hindlimbs jcg., cutting or dressagel. 

liven imnw changes in weight bearing can produce 
OO&tpl OflflKa ry lamirnmst high speeds, eypertally Over 
Icing distances. The feet, suspensory ligament, sesamoid 
hunes, hocks, and flexor tendons seem to be affected 
must commcHily, Htiwncf, ktmu iliac fracm** both 
LJTpi ifl idenl ic,n I plji.es may MW shifted! iheii weight 
unevenly after one carpus becomes safe h h one c,inp&J 
hi me is fractured. 

C 1, mph.'tnenta ry lanmuss fo the umt limb usually 
results when access stress occurs to an m herwisc hcaStlu 
StrsKture and the horse attempts to protect the painful 
regiLhii in chat limb. For example, a hunt wirh riivkulaf 
syndrome often lands roe first. This constant Lib ding on 
the toe can cause heuisfog of the toe, which can result 
ifl. pydnl Ottril is (iufl.nntniatimt of the Coffin bonei. 


Character ul I he Stride 

Tfr* chafaSfffl of tbr stxBiJe ■ :! J liirib 1* ilso nuportprH 
fo the duunosif of lameneu. When dsservtqg the stride, 

ilote thu Irnllowiujt characturLslics! 

1, Mimses 0 / the stride. The stride consists of a crania I 
phase and a caudal phase (Fig. 14), The crflflbl 

IO 

Copyrighted material 




114 Adams' Lameness in Horses 



Figure 3.1 Phases of a stride. The cranial phase of the stride 
(A) 1$ the halt of the stride in front of the print of the opposite toot 
The caudal phase of the stride (P) is the half of the stride in back 
of the print of the opposite foot. 



Figure 3.2 A. Normal arc of foot flight. B. Low arc of foot flight 
caused by lack of flexion in either the forekmbs or the hindlimbs. 


phase of the stride is in front of the footprint of the 
opposite limb, and the caudal phase is behind it. 
With lameness, the cranial or caudal phase may be 
shortened. If the cranial phase is shortened, the cau¬ 
dal phase may undergo compensatory lengthening. 

Alterations in the phase of the stride arc best 
viewed from the side. Potential causes for a short¬ 
ened cranial phase include navicular syndrome, chip 
fractures in joints, degenerative joint disease, trauma 
to the extensor rendons, shoulder problems, gonitis, 
and bone spavin. Some causes of a shortened caudal 
phase include palmar and plantar digital anular liga¬ 
ment desmitis, tendinitis {inflammation of a ten¬ 
don), and tendosynovitis (inflammation of a tendon 
and its sheath) of the flexor tendons. 

2. Arc of foot flight. The arc of foot flight is changed 
when there is pain anywhere in the limb {Fig. 3.2). 
The arc of one foot is compared with that of the 
opposite member when viewed from the side. In 
some cases, the arc is changed in both forefeet (bilat¬ 
eral navicular syndrome, laminitis) or in both hind- 


feet (bilateral bone spavin). In the hindlimb, the arc 
may be changed enough to cause the toe to drag 
when the limb is advanced (bone spavin, gonitis) ■ 

because of reduced flexion of the hock or stifle I 

joints. In some types of lameness, the horse will over- 
flex the lame limb while leaving the sound limb as 
close to the ground as possible; thus the sound limb 
has a decreased height of the foot flight arc. 

Most horses exhibiting a lowered foot flight arc 
also show an alteration in their phase of stride. To 
note subtle alterations in the hoof flight arc of the 
hindlimb, it is somerimes helpful to observe the * 

horse from the rear to compare the extent and dura- * 

tion that the horse presents the surfaces of the sole 
of both feet to the observer. Generally, the less sole 
seen, the lower the arc of foot flight. ■ 

3. Path of the foot m flight. If the foot travels inward, 

it may cause an interference problem (e.g., trauma • 

to a medial sesamoid or splint bone, painful lesions 
of the knee). When the foot travels in an outward 
path (paddling), no special problem usually results. 

It paddling does develop, however, it may he a sign 
of bilateral carpal pain. 

4. How the foot lands. When a painful condition is 
present m the foot, the horse will usually indicate 
the pain by placing its weight opposite to the pain. 

For example, in a nail puncture at the toe, the weight 
is placed on the heel. If the lesion is in the lateral 
portion of the sole, the weight is carried on the me¬ 
dial side of the foot, and if tne lesion is in the medial 
portion of the sole, the weight is carried on the lat¬ 
eral side of the foot. 

5. Joint extension. The degree of extension of the fet¬ 
lock (how close the back of the fetlock approaches 
the ground) during weight bearing is a sensitive indi¬ 
cator of how much weight the horse is willing to 
bear on that limb. Reduction in fetlock extension 
during weight bearing usually indicates the lame 
limb. This sign can be observed at a walk or a trot. 

6. Joint flexion angles. Joint flexion angles are best 
viewed from the side and may be associated with 
alterations in the hoof flight arc and phase of stride. 

One limb is compared to the other, and the degree 
of flexion is assessed. In some cases, the horse com- 

f )en sates with an increased flexion of the unaffected 
tmb. In others, it may reduce the flexion angle in 
the unaffected limb. 

7. Symmetry and duration of gluteal use. To identify 
hindlimb lameness, it is helpful to observe the horse 
from the rear to compare the symmetry and duration 
of gluteal use and ro correlate these findings with 
alterations in the character of the stride viewed from 
the side (for details, see the section on the hindlimbs 
in this chapter). 


Most lamenesses are found in the forelimb, and ap¬ 
proximately three lamenesses will be seen in the forclimb 
to every lameness in the hindlimb. The reason for this 
increased occurrence is because the forelimbs carry 60 
to 65% of the horse's weight and arc thus subject to 
much greater concussion than the hindlimbs (the hind- 


Other Lameness Factors 
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Limbs propel the limbs, whereas the forelimbs receive the 
shock of landing). However, breed and use are important 
considerations. Standard bred racehorses have a higher 
percentage of hindlimb lameness than do other breeds, 
which is believed to be the result of their balanced gait 
characteristics. And horses used for performance events 
such as dressage, cutting, and reining, which place 
greater stress on the hindquarters, have a higher inci¬ 
dence of hindlimb lameness than do other breeds. In the 
hindlimb, most lamenesses occur in the hock and stifle. 
Table 3.1 lists lamenesses and their associated activities. 
Although there is considerable overlap, the common 
lameness associated with the type of work should be sus¬ 
pected first. 

It is believed that at least 95% of lameness in the 
forelimb occurs from the knee down. Therefore, if the 
lameness is in the forelimb, eliminate all common lame¬ 


nesses that affect the distal portion of the limb before 
considering other lameness, unless some other condition 
is obvious. In the hindlimb, approximately 80% of lame¬ 
nesses are seen in the hock or stifle. Therefore, if the 
lameness is the hindlimb, conduct a preliminary exami¬ 
nation of the foot and lower limb and then give primary 
consideration to the hock and stifle. In difficult cases, 
diagnostic anesthesia can be helpful. 

There are other factors to consider as the cause of 
lameness. Horses that are improperly or irregularly shod 
may become lame. 4 5 Shoeing should be considered as a 
complementary aid to the way the horse moves; if not 
properly done, shoeing can produce lameness, especially 
at high speeds. The surface on which the horse works 
may be a contributing factor in lameness. Surfaces that 
arc too soft, too hard, slippery, or rocky may aggravate 
conformational imperfections or may be the outright 


Table 3.1 LAMENESSES AND THEIR GENERALLY ASSOCIATED ACTIVITIES 


Event 

Movement 

Lameness 

Dressage 

Sitting trot 

Back 


Weight carried rearward 

Hip 


Increased joint flexion 

Early hock arthritis — bone spavin 


Great impulsion 

Gonitis 


Collection; extension 

Fetlock arthritis (synovitis/capeulitis) 

Reining 

Deep, sliding stops 

Hamstring tear — fibrotic myopathy 


Fast spins 

Early hock arthritis — bone spavin 


Rollbacks 

p2 fracture, hind 

Cutting 

Balancing and turning on hindquarters with power and torque 

Front bruised soles 


Lateral driving with foretimbe 

pi and p2 fractures 

Early hock arthritis —* bone spavin 
Gonitis 

Roping 

Explosive bursts 

p2 and p3 fractures 


Hard slops ami abrupt change in direction 

Bone spavin 

Navicular syndrome 

TB and OH racing 

Young horses 

Bucked shins 

Top speed 

Fatigue fractures 


Fooling stresses 

Bowed tendons 


Fatigue 

Carprtls 

Carpal chip and slab fractures 
Suspensory ligament injuries 

Fetlock arthritis and chip fractures 
Sesamoid fractures 

SB racing 

Extended and fast pacing and trotting 

Same as TB and QH racing 

Hock and stifle problems 

Cunean tendinitis 

Barrel racing, pole bending 

Speed with turning 

Fetlock arthritis (synovitis/Capsulitis) 


Torque and twist 

p3 fractures 

Navicular syndrome 

Ringbone 

Ligament sprain 

Show ring 

Repetitive circular and arena work (often on hard footing) 

Navicular syndrome 

Sprain trauma to fetlock and phalanges 

Jumping, eventing 

Fetlock hyperextension landing after jump 

Navicular syndrome 


Cross-country footing 

Sowed tendon 

Ligament sprain 

Endurance 

Long mites 

Bcwed tendons 


Often hard or rocky footing 

Pedal osteitis 


Fatigue 

Hoof injuries 

Sole bruises 

Fatigue fractures 

Inactivity 

Lack of movement 

Poor blood Itow 

Overweight 

Laminitis 

Confinement 

Overexuberanee 

Sudden outbursts 

Trauma injuries 


pi, long pastern; p2. short pastern; p3, coffin bone; TB, Thoroughbred: QH, Quarter Horse; SB, St&ndardbred 
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cause of lameness. Improper conditioning resulting in 
muscle fatigue is believed to be a common cause of per¬ 
formance-related injuries. The age of a horse is often 
a factor in predisposition to lameness. Because of the 
emphasis on racing and showing 2-year-olds, many 
lamenesses are produced in these horses that may not 
occur in older, more mature horses. 

SIGNALMENT AND USE 

Patient age and use arc important considerations. For 
example, an aged crossbred horse used for ranch work, 
occasional rodeo performance, and trail riding will have 
a higher incidence of problems associated with the fore¬ 
feet, low-motion joints (e.g., pasterns and distal tarsal 
joints), and ligaments. In contrast, a racehorse most 
often presents with lameness associated with high-mo- 
tion joints (e.g., carpus and fetlock), sprain or strain of 
flexor support structures, and stress-related fractures. 
Horses used for competitive trail or endurance riding 
sustain a higher incidence of sprain and strain injuries 
and stress-re la ted fractures to the phalanges. Young 
horses beginning training may suffer from develop¬ 
mental orthopedic-related lameness problems. 

HISTORY (ANAMNESIS) 

A derailed medical history should be obtained on 
every horse. Records should include specific information 
regarding the duration and intensity' of the lameness, the 
symptoms, the activity immediately preceding the lame¬ 
ness, and any previous treatments or therapies employed. 
The following questions should be answered: 

1. How long has the horse been lame? If lameness has 
been present for a month or more, it is considered a 
chronic condition and permanent structural changes 
may have taken place that render complete recov¬ 
ery unlikely. Therefore, the prognosis is usually 
guarded. Generally, a young horse has a better 
chance for recovery from a chronic condition than 
has a mature horse. 

2. Has the horse been rested or exercised during the 
lameness period? Horses that have been rested may 
not exhibit the lameness that was seen while the 
horse was in training. 

3. Has the lameness worsened, stayed the same, or im¬ 
proved? Horses that have shown a marked improve¬ 
ment in the lameness will usually have a better prog¬ 
nosis than horses that have remained static or have 
worsened. 

4. What caused the lameness? The owner may have 
removed a nail from the foot or may have seen the 
injury occur. If so, the owner’s description should 
include the character of the lameness at the time it 
was first noticed. If the lameness was acute initially, 
this may indicate a condition such as a fractured 
distal phalanx; if the lameness developed insidi¬ 
ously, extension of a subsolar abscess resulting in 
osteomyelitis of the distal phalanx may be the cause. 

5. Does the horse warm out of the lameness? I f so, sore 
muscles or arthritic joints (such as hone spavin) may 
be involved. 



Figure 3.3 The horse presented with a history of stumbling, 
Note how long the hoof is. 


6. Does the horse stumble? Stumbling may be the result 
of some interference with the s\ nergistk action of 
the flexor and extensor muscles. It may be caused by 
pain, a neurologic disorder (spinal ataxia), or simply 
feet that are coo long (Fig. 3.3). 

7. What treatment was given and was it helpful? The 
answers may help in the prognosis ot the case. If the 
horse received recommended therapy for an appro¬ 
priate period with no results, the prognosis is 
guarded. It is important to record the names and 
dosages of drugs used. It is also important to know 
if the horse was treated with nonsteroidal anti-in¬ 
flammatory drugs (NSAlDs) or with parenteral or 
intrasynovial anti-inflammatory agents, because 
these drugs may mask symptoms of lameness and 
give a false impression of recovery, 

8. When was the horse shod? Sometimes the feet are 
trimmed too short or a nail is driven into or near 
sensitive tissue. If the feet have l>een trimmed loo 
short, usually more than one foot is involved in the 
lameness. A hoof tester examination often identifies 
diffuse pain. If a nail has been driven into or close 
to sensitive tissue, the lameness will involve one 
limb, and hoof tester sensitivity is usually focal to 
the site of penetration. If the nail was driven into 
sensitive tissue, signs of infection may not he evident 
for several days. If the nail did not enter sensitive 
tissue but is near it, lameness from pressure on the 
sensitive tissue may result. This is commonly called 
a “close nail,*’ and the pressure will mu be relieved 
until the nail is pulled (see Chapter V for more infor¬ 
mation). 

PROCEDURES FOR EXAMINATION 

Visual Examination 

At Rest 

A careful visual examination is made with the horse 

standing squarely on a flat surface at rest . 4 1 This should 
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be* done at a distance and then up close, with the horse 
viewed from all directions. From a distance, the body 
type is characterized (stocky vs. slender), conformation 
is noted, and body condition and alterations in posture, 
weight shifting, and pointing arc also noted. 

In the normal attitude, the forelimbs bear equal 
weight and are opposite each other. With bilateral fore- 
limb involvement, the weight may be shifted from one 
foot to the other or both limbs may be placed too far 
out in from, called “camped in front.” In the hindlimbs, 
it is normal for the horse to shift the weight from one 
limb to the other. If the horse consistently rests one hind- 
limb and refuses to bear weight on it for a length of time 
or cannot be forced to hear weight on it at all, lameness 
in that hindlimb should be considered. 

At close observation, each limb and muscle group is 
observed and compared to its opposing member for sym¬ 
metry. Feet are observed for abnormal wear, hoof cracks, 
imbalance, size, and heel bulb contraction (Fig. 3,3). All 
joints and tendons and their sheaths arc visually in¬ 
spected for swelling and the muscles of the limbs, back, 
and rump arc observed for swelling and atrophy. Com¬ 
paring one side to the other is most important. 

Fach abnormal finding should be ruled our as a cause 
of lameness during the exercise and palpation examina¬ 
tion. For the forelimbs, the limb w'ith the narrowest 
(smallest) foot and highest heel with starving degrees of 
extensor muscle atrophy is usually the lame or lamer (if 
the problem is bilateral) limb (Fig. 3.4). The foot is 



Figure 3.4 A Cranial view of extensor muscle atrophy of the 
right foreltmb i arrow] Note that the right foot is smaller than the left 


smaller because of the chronic alteration in weight bear¬ 
ing, and muscle atrophy results from a reluctance to ex¬ 
tend that limb, which would commit it to longer period 
of weight bearing. For the hindlimb, atrophy of the mid¬ 
dle gluteal and/or gracilis muscles usually indicates the 
lame limb (Fig. 3.5). Generally, if one tuber sacrale is 
higher than the other (“hunter’s bump”) and/or the pel¬ 
vis appears tilted, the horse will nor have a symmetric 
gait. 

At Exercise 

The characteristics of the gait of alt limbs should be 
observed from a distance. In most cases, it is best to 
observe the forelimbs first, followed by observation of 
the hindlimbs. Once the examiner is able to observe all 
limbs at once and then each limb individually, the diag¬ 
nosis of lameness is simplified. Usually, a horse is ob¬ 
served at exercise with shoes on; in some cases, however, 
it is helpful to view the horse in motion without shoes. 

The main objective in exercising ihe horse is to iden¬ 
tify the limb or limbs involved and the degree of lameness 
and incoordination in movement. To do this, the horse 
is observed at a walk and trot in a straight line and then 
while lunging in circles. Sometimes, it is helpful to ob¬ 
serve the horse under tack or at high speed on a treadmill. 
Examination includes watching the horse from the front, 
side, and rear. In general, forelimb lamenesses are best 
viewed from the front and side, and hindlimb lamenesses 




B. Lateral view of the same horse. Note that the heel height is higher 
in the right forefoot than the left forefoot 
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Figure 3.5 Gluteus muscle atrophy (arrow) 


art* best observed from rhe side and rear. What the exam¬ 
iner is looking for is head nodding, gait asymmetry, alter¬ 
ations in height of the foot flight are, alterations in foot 
flight, phase of stride, joint flexion angle, foot placement, 
degree of fetlock extension with weight bearing, action 
of shoulder muscles, and symmetry in gluteal rise and 
use. To visualize these gait changes, it is best to look at 
the horse from a distance. The action of all four limbs 
is observed first, then the limb in question is isolated and 
looked at closely, and finally attention is shifted to the 
opposite limb for comparison. To detect subtle gait 
changes, it may necessary' to shift visually from one limb 
to the other or to jog alongside or behind the horse for 
better comparison. 

How ro Handle the Horse 

The handler plays an important role in lameness ex¬ 
amination. In general, horses should be held loosely with 
their heads centered on line with their bodies and exer¬ 
cised at a constant speed in a straight line as slowly as 
practical (Fig. 3.6). If the head and neck are allowed to 
sway from one side to the other, an asymmetric gait will 
he created. If the handler holds the horse too tightly, 
subtle head nodding is difficult to observe. Fast trotting 
or cantering makes it more difficult to focus in on limb 
movement, hut sometimes it may he helpful in identify¬ 
ing a neurologic deficit, since more coordination is re¬ 


quired for movement at speed. In addition, the handler 
should not look at the horse and should he far enough 
in front of the horse's limbs so as not to obscure the 
examiner's view (Fig. 3.7). 

Circling a horse at a trot accentuates low-grade lame¬ 
ness, usually on the inside limb. This can he done by- 
having the handler jog in a circle or, preferably, by lung¬ 
ing the horse in a circle. The horse should be relaxed at 
a trot, starting with a large circle, which gradually gets 
smaller. A smaller circle will sometimes reveal lameness 
not seen in a larger circle. The handler should avoid giv¬ 
ing the horse voice commands or artempt to train the 
horse while circling. Horses with bilateral forelimb lame¬ 
ness not seen at a trot in a straight line will often begin 
to show lameness on the inside limb. This will be mani¬ 
fested, when rhe lame limb contacts the ground, by head 
and neck lifting, splinting rhe shoulder muscles in antici¬ 
pation of weight bearing, and placing the head and neck 
to the outside of the circle to unweight the lame limb. 
In some cases, the horse will attempt to make a square 
out of the circle or, when circled to the lame side, will 
act up or stop periodically. If rhe lameness persists or is 
exaggerated when the limb is on the outside of the circle, 
high suspensory 7 ligament desmiris, collateral ligament 
injury, medial carpal problems, medial splint bone prob¬ 
lems, or medial sesamoid bone problems should be con¬ 
sidered. Circling usually accentuates hindlimh lameness 
when rhe limb is on the inside of the circle. A more de¬ 
layed protraction of rhe limb, a shorter cranial phase of 
the stride, and a greater degree of unweighting of the 
limb (hip roll and lack of extension of the fetlock) will 
be seen. A toe drag may also become more apparent. 

If the horse is flighty or apprehensive, the examination 
can be facilitated by the administration of 15 to 20 mg 
of ace promazine maleate intravenously to a 1000-lb 
(450-kg) horse.' 1 Wait 15 to 20 minutes after the injec¬ 
tion before resuming the examination. The tranquiliza- 
tion allows the horse to relax, making the lameness more 
apparent. This is particularly true for painful conditions 
that alter the gait. If rhe horse is unbroken, it can be 
encouraged to move in a round pen without the assis¬ 
tance of a handler. To examine a foal, the dam can be 
exercised, and the foal observed as it follows the mare. 

Selection oe Surfaces 

In most cases, the evaluation of lameness is best car¬ 
ried out on a hard, level surface. A hard surface provides 
more concussion than a softer surface, and it affords 
the examiner the opportunity to listen to, as well as to 
visualize, foot placement. Usually, there is an obvious 
difference in the horse’s landing between the unsound 
and sound foot. The unsound foot makes less noise be¬ 
cause less weight is taken on that foot, whereas the sound 
foot makes a louder noise because it is hearing more 
weight. This is true for both forelimbs and hindlimhs. 
Foot placement also is best observed on hard surfaces, 
because softer surfaces tend to envelop rhe foot, making 
placement more difficult to see. 

because hard surfaces ty pically do not apply sole and 
frog pressure, horses with suspected foot problems can 
be exercised on dirt, turf, or gravel (short distance) sur¬ 
faces to accentuate the lameness. This is particularly true 
of horses with chronic symmetric conditions involving 
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Figure 3.6 A handler properly exercising a horse at a trot. 



Figure 3.7 The handier is well out in front of the horse and does not obscure the examiner s view. 
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the feet. When exercised on asphalt, they may travel with 
a stilted, shuffling-tike gait but appear comfortable. 
When exercised on gravel, bilateral lameness becomes 
quite evident. 

The Forelimbs 

As a result of lameness in a forelimb, the head will 
drop when the sound foot lands and will rise when 
weight is placed on the unsound foot or limb. If the lame¬ 
ness is not evident at the walk, it usually will be at the 
trot; this is because there is only one other supporting 
foot on the ground (Table 3.2). In addition, splinting of 
the caudal neck and shoulder muscles in anticipation of 
weight bearing on that limb will be seen. 

When the horse is at the trot, be cautious not to con¬ 
fuse a left hind lameness with a left fore lameness or a 
right hind lameness with a right fore lameness. This can 
happen when a hindlimb is lame at the trot, because the 
horse will often land more solidly on the sound opposite 
foreliinb. For example, if a left hindlimb is lame at the 
trot, the horse will lower its head when the left hindlimb 
and right forelimb land, taking more weight on the right 
forelimb (see the section on htndUmbs in rhis chapter). 
On a hard surface, this gives the impression that the 
horse is yielding on the left forelimb, indicating lameness 
in that limb. 

Occasionally, a situation arises in which left hindlimb 
lameness is confused with right forelimb lameness. This 
usually occurs when there is little or no head nodding 
at the trot. The sound diagonals (right hind and left fore) 
contact the ground with such force that it appears that 
the horse is protecting the right forelimb. The confusion 
commonly arises when watching the horse from the side. 
Watching the horse from behind reveals the hip asymme¬ 
try typical of hindlimb lameness. Head movement may 
also be absent in bilateral involvement of the limbs or 
with mild lameness. 

In the normal gait, the heel is lifted first when the limb 
is advanced. When the foot lands, the hoof should land 
flat or the heel should hit just before the toe. Selective 
weight bearing and alteration in the phases of stride may 
be observed when pain involves one region of the foot. 
If pain is present in the lateral portion of the foot, the 
weight will be taken medially. In general, pain in the toe 
region will cause a shortened caudal phase of the stride, 
whereas involvement of the heel region will cause a 
shortened cranial phase of the stride. 

The arc that the foot makes in flight should be ob¬ 
served (Fig. 3.2). If it is too low in the forelimb, there 


Table 3.2 HEAD MOVEMENT AT A TROT WITH 
SUPPORTING LIMB LAMENESS* 


Lame Umb* 

Head Down When 
These Limbs Land 

Head Up When 
These Limbs Land 

Right front 

Left front 

Right hind 

Left hind 

Left front, right hind 
Right front, left hind 

Left front, right hind 
Right front, left hind 

Right front, left hind 
Left front, right hind 
Right front, left hind 
Left front, right hind 


’Although not absolute, (he movements are true in many cases 
‘Hole the potential contusion between right front and right hind tameness 
and itfl front and left hand lameness when head movement with the horse at 
a trot is used as the indicator 


may be interference with flexion of the shoulder, knee, 
or fetlock, resulting from pain or mechanical injury. Fix¬ 
ation of these joints will reduce the arc of the foot flight, 
limit the cranial phase of the stride, and lengthen the 
caudal phase. When rhe shoulder is involved, the scapu¬ 
lohumeral joint usually remains semifixed during pro¬ 
gression (swing phase), and the head may show marked 
lifting and be pulled toward the unaffected side. When 
both forefeet arc involved, the gait often appears unani¬ 
mated (stilted or stiff), giving the false impression of 
shoulder involvement. 

If interference of the limbs is suspected but cannot be 
seen, the hoof walls can be coated with chalk; the contact 
will leave a mark of chalk on the limb. This can be done 
for both the forelimbs and the hindltmbs. Although 
chalking the hooves will work, a better approach is to 
use a video camera, which will identify interference as 
well as foot flight. 

The forms of limb contact are defined as follows (Fig. 
3.8; see also Chapter 2): 

1. Brushing. A genera) term for light striking, especially 
as in interfering. 



Figure 3.8 Contact problems. A. Scalping: The toe of the 
forefoot hits the dorsal surface of the pastem or metatarsal region 
of the hindlimb on the same side. B. Cross firing: Contact is mad® 
between the inside of the toe of the hindfoot and the inside of die 
forefoot on the opposite side. This occurs In pacers. C Forging: 
The toe of the hindfoot hits the bottom of the forefoot on the same 
side. D. Overreaching can cause pulling of the front shoe. 
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2. Cross firing . Generally confined to pacers* it consists 
of contact on the inside of the diagonal forefoot and 
hindfoot and commonly involves the inside of the 
hindfoot hitting the inside quarter of the diagonal 
forefoot. 

3. Elbow hitting. Occurring when the horse hits the 
elbow with the shoe of the same limb, it is rare ex¬ 
cept in horses with weighted shoes. 

4. Forging. The toe of the hindfoot hits the sole or shoe 
of the forefoot on the same side, usually on the heel. 
Depending on when forging occurs, it may also be 
described as the front sole or shoe slapping the toe 
of the hindfoot as it comes gliding in for a landing. 

5. Knee hitting . High interference, generally seen in 
Standard bred horses, 

6. Interfering. Occurring in both the forefoot and the 
hindfoot, it is a striking, anywhere between the coro¬ 
nary band and the cannon, by the opposite foot that 
is in motion. 

7. Overreaching. The toe of the hindfoot catches the 
forefoot on the same side, usually on the heel. The 
hindfoot advances more quickly than in forging, 
stepping on the heel of the forefoot. The toe of the 
hindfoot may step on the show of the forefoot on 
the same side and cause shoe pulling. 

8. Scalping . The toe of the forefoot hits the hairline at 
the coronary band or above on the hindfoot of the 
same side and may hit the dorsal (front) face of the 
pastern or cannon bone. Generally, this is a fault of 
the trotting horse. 

9. Speedy cutting. Difficult to determine because it ap¬ 
parently has no positive definition, it may be the 
same as cross firing or may mean that the outside 
wall of the hindfoot comes up and strikes the medial 
aspect of the forelimb on the same side. Thus it can 
be considered any type of limb interference at the 
fast gaits. 

Contact problems can occur in well-shod horses w ith 
good conformation as a result of the type of w f ork they 
are performing. For instance, in barrel racing, cutting, 
pole bending, and reining, the horse's weight is suddenly 
shifted and the horse may be off balance, resulting in 
uncoordinated movement and contact. 

The Hindlimbs 

In observ ing movement of the hindlimbs, the arc of 
the foot flight is best viewed from the side (Fig. 3.2). 
Involvement of the hock and stifle joints generally re¬ 
duces the arc of the foot flight and thus shortens the 
cranial phase of the stride w ith a compensating lengthen¬ 
ing of the caudal phase. Because of the reciprocal appara¬ 
tus of the hock and stifle, incomplete flexion is character¬ 
istic of involvement of both joints. The toe may be worn 
excessively (dubbed off) with involvement of the hock 
or stifle (Fig. 3.9). Although head and neck movements 
can be observed from the rear, they are best viewed from 
the side with the horse at the trot. With mild hindlimb 
lameness, abnormal movements of the head and neck 
may not be evident. In moderate to severe lameness, the 
head and neck will rise as the unaffected hindlimb con¬ 
tacts the ground and will low'er when the affected hind¬ 
limb contacts the ground (Table 3.2). In severe cases, the 
horse not only will lower its head and neck but also will 



Figure 3.9 Excessive toe wear of both hindlimbs. 


extend its head. The lowering of the head and neck while 
the affected hindlimb is in the W'eight-hearing phase at 
a trot serves to reduce the weight placed on the affected 
hindlimb w r hen it contacts the ground. 

The symmetry of gluteal rise and the duration of glu¬ 
teal use (movement of the croup) are evaluated from the 
rear. The rise is evident during the swing phase of the 
stride; the use is evident during the support (stance) 
phase of the stride. This observation is best made on a 
ievel surface so that the examiner can see the uppermost 
excursion of the gluteal muscles. A symmetric gluteal rise 
as the hindlimbs are brought forward indicates that both 
limbs are swinging symmetrically and subsequently are 
elevated to the same height. On the other hand, the dura¬ 
tion of gluteal use is a function of weight bearing with 
subsequent contraction of the gluteal muscles as the limb 
moves from cranial to caudal during weight bearing 
(support/stance phase of the stride). In the painful situa¬ 
tion, most horses attempt to get off the hindlimb quickly, 
and the gluteal muscle contraction is shortened, w hich 
leads to a shortened duration of gluteal use and a subse¬ 
quent hip “roll" or "drop off." Following this, there is 
a rapid elevation of the hip and gluteals recognized as 
a “hip hike” or “upward flick" on ihe affected side. May 
and Wyn-Jones 38 documented head and hip movement 
in 13 horses suffering hindlimb lameness at various sites. 
They examined the horses from the rear, using tuber 
coxae (hip) markers and a video camera. Hip and croup 
heights w r erc measured at four points in stride. It was 
found that the hip marker on the lame side was highest 
at the point of initial weight bearing but dropped rapidly 
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during weight bearing until the limb left the ground. The 
lame limb was then rapidly elevated during the swing 
phase. Despite the rapid elevation and the end of stride 
(swing phase)—recognized as an upward flick of the hip 
marker—the affected hip wms often not elevated above 
the hip on the sound side (6 cases were elevated; 7 cases 
were not). In fact, the midpoint of the vertical displace¬ 
ment for each hip marker was lower in the lame limb in 
all 13 cases. The croup (gluteal rise) was always higher 
when the lame limb started to hear weight; this was diffi¬ 
cult to see, however, when the lameness was slight. In 
all cases, the head dropped when the lame hindlimb con¬ 
tacted the ground. I recognize three situations in regard 
to gluteal rise and use: 

1. Depressed gluteal rise and decreased use. Usually 
seen in horses that are in pain during the sw ing phase 
of the stride, this gait often involves structures above 
the stifle. Along with muscle atrophy, this gait is 
commonly seen with problems involving the hip re¬ 
gion. 

2. Symmetric gluteal rise but decreased gluteal use. 
Usually seen in horses with subtle hindlimb lame¬ 
ness, this gait is nor commonly seen with head nod¬ 
ding, and only subtle changes in the height of the 
foot flight arc, phase of stride, and flexion angles 
may be observed. 

3. Rapid, increased gluteal rise (”hip hike” or ”upward 
flick”) and decreased gluteal use. Usually seen in 
horses that are in considerable pain during the sup¬ 
port phase of the stride, the affected limb is brought 
up rapidly. Varying degrees of head nodding will be 
seen, and the height of the foot flight arc, phase of 
stride, and flexion angles are usually altered. 

Grading the Lameness 

The degree of lameness should he recorded. Although 
categorizing lameness as mild, moderate, or severe may 
suffice, a more objective approach using a grading sys¬ 
tem is recommended. A lameness grading system is bene¬ 
ficial because it not only defines the degree of lameness 
hut also makes record keeping easier and provides the 
examiner with an objective reference to assess improve¬ 
ment at reev aluation. The lameness grading system of the 
American Association of Equine Practitioners (AAEP) is 
outlined in Table 3.3,*' 


Table 3.3 AAEP LAMENESS GRADING SYSTEM 


Grade Description 


0 Lameness not perceptible under any circumstances 

t Lameness difficult to observe: not consistently apparent 

regardless ot circumstances (e g., weight carrying, 
circling, inclines, hard surface) 

2 Lameness difficult to observe at a walk or trot in a 

straight line; consistently apparent under some 
circumstances {e g., weight carrying, circling, inclines, 
hard surface) 

3 Lameness consistently observable at a trot under all 

circumstances 

4 Lameness obvious; marked nodding, hitching, and/or 

shortened stride 

5 Lameness obvious; minimal weight bearing in motion or 

rest; inability to move 


Examination by Palpation and 
Manipulation 

After observing the animal at exercise, make a close 
visual examination, including palpation of the limbs; or 
inspect and palpate the horse before watching it exercise. 
In either case, a systematic method of palpation should 
be followed so nothing is overlooked. I herctore, start 
at the foot and palpate the entire limb. 

Examination of the Forelimb 
Foot 

The size and shape of the foot on the lame limb should 
he compared with the size and shape of the foot on the 
opposite limb. The examiner is looking for asymmetry 
in foot size, abnormal hoof wear, ring formation and 
heel bulb contraction, shearing of the heels and quarters, 
hoof wall cracks, swellings that are primarily associated 
with the coronet, and foot imbalances. 1 * 41 

Asymmetry in foot size may he a result of trauma, 
lack of weight bearing leading to contraction, and con¬ 
genital or developmental defects. In general, the limb 
with the smallest foot is usually the lame limb. 

Hoof wall ring formation can be unilateral (resulting 
from trauma) or bilateral (resulting from selenium toxi¬ 
cosis, laminins, or generalized systemic disease). Ring 
formation is not always associated with lameness (Fig. 
3.10). 



Figure 3.10 Hoof wall ring formation in a horse that not 
lame 
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Figure 3.11 Heel bulb contraction. Note how ctose together the 
heel bulbs are. 



Figure 3.13 Proximal displacement (shearing) of the right heel 
(arrow). 


Heel bulb contraction is often misunderstood. It usu- 
ally results from decreased weight bearing of the affected 
limb and is a symptom rather than the cause of the lame¬ 
ness (Fig. i.11). Visual examination of heel bulb contrac¬ 
tion is best performed by the examiner standing or squat¬ 
ting near the flank and looking at both right and left 
heel bulbs at once. An objective assessment can be made 
by checking the heel bulb spacing u'ith finger measure¬ 
ments. Asymmetry in the heel bulb height (sheared heels) 
is recorded (Fig. 5.12). This is most frequently associated 
with improper trimming and shoeing. 

Hoof wall cracks may be associated with lameness 
but must be ruled out with a hoof tester examination 
and, in some cases, nerve blocks. 

Swellings at the coronet can result from superficial 
scar formation from wire cuts or constant bruising dur¬ 
ing exercise, keratoma, dermatitis, or deeper involve¬ 
ment ie.g., gravel and quitter). 

Foot imbalances can cither be dorsopalmar, lateral 
medial, or a combination of the two (Fig. 5.15). These 
imbalances often alter the shape of the hoof wall and 
can result in abnormal stresses applied to the foot and 
other support structures. 

After superficially cleaning the sole, note abnormal 
wear, collapsed heels, heel bulb contraction, and frog 
atrophy (Fig. 5.14). Heel bulbs that arc closer than nor¬ 
mal are consistent with any condition that has resulted 
in decreased weight bearing by that limb or improper 
trimming and shoeing. In chronic cases, there may be 



Figure 3.13 Lateral medial hoof imbalance. Note that the 
medial coronet band (arrow) ts higher than the lateral coronet 
band 
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Figure 3.14 Frog atrophy and heel bulb contraction. 



Figure 3.15 A dropped sole and a crescent-shaped crack 
(arrows) in the sole, indicating rotation and penetration of the distal 
phatarut. 



Figure 3.16 The horse presented with a history ot hmdltmb 
lameness of 3 weeks duration A Examination of the ground 
surface of the hoof revealed a piece of wood buried in the frog 


(arrows). B. Frog after the wood was removed. Note that the 
sensitive corium is exposed (arrows) 
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some frog atrophy associated with the heel bulb contrac¬ 
tion. 

Observe the shape of the sole. A slightly concave 
shape is normal. Some horses are flatfooted and, there¬ 
fore, predisposed to sole bruising. Convexity dorsal to 
the apex of the frog (“dropped soles” in front of the 
frog) is considered abnormal and may be associated with 
rotation of the distal phalanx (coffin bone) (Fig. 3.15), 
If the foot has not been trimmed recently, it may be done 
at this time. During trimming, look for any discoloration 
of the sole and/or a white line. Sometimes, the cause of 
the lameness may be identified, such as a stick or nail 
wedged in the frog (Fig. 3.16) or pus exuding from a 
small hole in the sole or white line (Fig. 3.t7). The clefts 
of the frog may have to be opened if the frog is exces¬ 
sively overgrown and any indications of thrush are 
noted. 

Next, the examiner applies a hoof tester, in a system¬ 
atic manner, to the entire sole and frog region and hoof 
wall (Fig. 3,18). When applied properly, this instrument 
allows the examiner to palpate the hoof. For a sensitive 
horse, the examiner may need to use a gentle application 
at first, followed by firmer pressure. The examiner is 
try ing to identify and localize hoof sensitivity. Although 
this sounds simple, it requires experience. 

The arm of the hoof tester that is applied to the hoof 
wall needs to he continually checked so pressure is not 



Figure 3.1 7 A defect in the white line with pus draining from a 
tract (arrow). 



Figure 3,18 Three types of hoof testers The left tester is made 
by GE Forge and Tool Works (Grover Beach. CA); the middle 
tester is a Rydmg Hool Tester made by Jorgenson Labs 
(Loveland, CO); and the right tester is made by Kane Enterprises 
(Sioux Falls, SO). 


being applied to the coronet band. 1 prefer to begin at 
the lateral or medial angle of the sole and continue the 
examination by applying hoof tester pressure every 2 to 
3 cm until the entire surface of the sole has been checked. 
Next, I apply pressure to the frog (caudal, central, and 
cranial). Then, I use the hoof tester on the hoof wall at 
the heels. Finally, I apply the tester diagonally from the 
medial heel to the dorsolateral hoof and from the lateral 
heel to the dorsolateral hoof. The diagonal application 
is probably most useful for horses with pads. 

If sensitivity is encountered, it is absolutely necessary 
to confirm that the examiner has revealed true sensitivity 
resulting from pain and not just a whimsical reaction 
by the horse. True sensitivity is identified by repeated 
intermittent hoof tester pressure that results in persistent 
(nonfatigable) reflexive withdrawal (flexing the shoul¬ 
der). Obviously, different amounts of hoof tester pres¬ 
sure are applied to elicit a response, depending on sole 
thickness and the painfulness of the condition. Hoof 
tester responses should he compared with those obtained 
from the opposite foot. 

In general, diffuse sole sensitivity indicates a sagittal 
fracture of the distal phalanx, diffuse pododertnatitis, 
diffuse pedal osteitis, or sometimes laminitis. More local¬ 
ized hoof tester sensitivity is obtained with corns, sole 
bruising, nonarticular fractures of the distal phalanx, 
puncture wounds, close or hot nail, localized suhsolar 
abscesses, or gravel. Hoof tester sensitivity over the cen¬ 
tral third of the frog usually indicates navicular syn¬ 
drome and/or sheared heels and quarters (Fig. 3.19). Al¬ 
though sensitivity from other locations in the frog may 
result from a puncture, a sensitive cranial portion may 
indicate pain emanating from the attachment of the deep 
digital flexor tendon to the distal phalanx. Any other 
region of sensitivity associated with cracks or abnormal 
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Figure 3.19 Hoof tester applied 
over the central third of the frog of 
the left forefoot to produce direcl 
pressure over the navicular region 



Figure 3.20 A piece of wood is placed under the frog to 
provide selective pressure. 
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discolorations of the sole should be thoroughly explored 
with a hoof knife until normal tissue is seen. 

Additional tests can be used if navicular syndrome is 
suspected/''* One test is performed by placing a wedge 
underneath the frog of the affected foot while the oppo¬ 
site limb is held up (Fig. 3.20). This is done for 1 minute, 
after which it is trotted off. An increase in lameness indi¬ 
cates a positive test. In a second test, the toe is forced 
into an elevated position relative to the heel by placing 
a wedge or some other object under the toe (Fig. 3.21). 
This increases the tension on the deep digital flexor ten¬ 
don, causing an increase in pressure on the navicular 
bone. The opposite limb is elevated for I minute, after 
which the horse is trotted off. An increase in lameness 
should make the examiner suspicious of navicular syn¬ 
drome or heel soreness. 

A hoof tester or a hammer can also be used to strike 
(percuss) the hoof wall. If this is painful, laminitis or 
grave! may be the problem. If a hollow sound is heard 


over the dorsal hoof wall, there is probably a separation 
between the sensitive and insensitive laminae (e.g„ white 
line disease or incomplete avulsion of hoof wall). The 
hoof wall is checked for cracks that may extend into the 
sensitive laminae (they are most common in the toe and 
quarter), uneven w r car, and excessive dryness. Dishing 
(concavity) of the dorsal part (front) of the hoof wall 
indicates a prior rotation of the distal phalanx or a flex¬ 
ural deformity involving the deep digital flexor tendon 
(Fig. 3.22). 

The coronary band is palpated for heat, swelling, and 
pain on pressure. A generalized increase in the tempera¬ 
ture of the coronary hand of both limbs is consistent with 
laminitis, whereas selective swelling with or without pain 
on deep palpation just dorsal and proximal to the coro¬ 
nary band indicates distal interphalangeal (coffin) joint 
effusion (Fig. 3.23). 16 Firm, often nonpainful swelling in 
this region may also indicate a low 7 ringbone. Point 
swelling and pain with or w ithout drainage at the coronet 
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Figure 3.25 Palpation of the heel bulbs to identify heat, pain, 
and swelling that may be associated with subeolai abscesses 


in the midquarter region may indicate “gravel** (abscess 
in the white line) (lig. 3.24). If the heat .inj swelling 
are more diffuse, “quittor** (infection of the collateral 
cartilage of the distal phalanx) should be considered. 
Calcification of the cartilage of rhe distal phalanx gener¬ 
ally causes firm and nonpainful swelling. 

Heat, pain, and swelling with or without drainage of 
one of the heel bulbs is consistent with a subsobr abscess 
(Fig. 3.25). Most penetrating wounds that do not involve 
the white line or navicular bursa and that develop into 
an abscess eventually break our in the heel bulb region. 
In situations in which a small puncture hole in the sole 
has been identified, hoof tester pressure adjacent to the 
hole not only will cause pain but also often will be suffi¬ 
cient to force pus out of the hole, which is diagnostic for 
subsolar abscess. 


Figure 3.23 Lower finger marks the site of swelling and pain 
associated with fracture of the extensor process. Upper fingers are 
applied over the dorsal surface of the fetlock to identify synovial 
distension and thickening of the joint capsule. 


Fastfrn 

The dorsal (front) medial and lateral surfaces of the 
proximal intcrphalangeal (pastern) joint are palpated for 
enlargement and a slight increase in temperature, which 
may indicate ringbone (Fig. 3.26). If there is any question 
as to whether there is an enlargement, the opposite pas¬ 
tern is palpated. It is not uncommon, however, for the 
lateral to medial dimensions of one pasrern to lx slightly 
larger than the dimensions of its opposite member. 

1 lolding the limb off the ground, deeply palpate the 
distal sesamotdean ligaments and flexor tendons (super¬ 
ficial and deep digital flexors) for pain (Fig. T27). Pay 
particular attention to the lateral and medial branches 
of the superficial digital flexor tendon. Desmitis and ten¬ 
dinitis or tendosynovitis of the deep digital flexor tendon 
are identified by swelling and sometimes pain in this re¬ 
gion (Fig. 3.28). Deep palpation of the lateral and medial 
eminences (wings) or the middle phalanx may elicit pain 
if a fracture is present. With the hands placed on the 
hoof wall, rotate the phalangeal joints. Pain can be elic- 


Flgure 3.24 Finger marks area in which gravel and/or quittor 
occurs. Heat, pain, and swelling are palpated, and drainage of 
purulent material is common in the affected animal 
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Figure 3.26 Palpation ol the pastern, Thickening in this region 
often indicates nngbone. 



Figure 3.27 Palpation of the distal sesamoidean ligaments and 
superficial digital and deep digital flexor tendons on the palmar 
aspect of the pastern. 



Figure 3.28 Lateral view of the pastern region of a horse with tendinitis of the deep digital flexor tendon and 

swelling of the digital sheath (arrow). 
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ited with degenerative joint disease (high and iow articu¬ 
lar ringbone) and with proximal and middle phalangeal 
fractures. 

The collateral ligaments are stressed laterally and me¬ 
dially by placing one hand lateral or medial over the 
pastern joint and using the other hand to pull the foot 
toward that side (Fig. 3.29). This bending force creates 
increased tension on the collateral ligament of the pha¬ 
langeal joints. Pain may signal a sprain or fracture or 
nonarticular ringbone (high or low). 



coffin) to identify sprain trauma. 



Figure 3.30 Finger marks the palmar recesses of the fetlock 
joint capsule. Distension at this site results from synovial effusion 
(also called windpuffs) 


Fetlock 

The dorsal aspect and palmar/plantar reflection (re¬ 
cess) of the metacarpophalangeal joint are palpated for 
thickening and swelling, which may indicate an idio¬ 
pathic synovitis (“windpuffs”), chronic proliferative 
synovitis/capsulitis, chip fracture of the proximal pha¬ 
lanx, or articular fracture (Figs. 3.23 and. 3.30). Pressure 
is then applied to the lateral and medial branches of the 
suspensory ligament just above their attachments to the 
proximal sesamoid bones. Pain here may indicate desmi- 
tis, sesamoiditis, or apical chip fractures of the sesamoid. 
The superficial and deep digital flexor tendon and sheath 
are palpated for heat, pain, and swelling (Fig. 3.31), 
which may signal tendinitis and synovitis or tendosyno- 
vitis. Some distension of the digital flexor tendon sheaths 
of all four limbs is not uncommon in performance 
horses. This often is referred to as “w indpuffs.’' The anu- 
lar ligament is palpated for constriction. 

Holding the limb off the ground, apply finger pressure 
to the basilar, body, and apical portions of the proximal 
sesamoid bones (Fig. 3.32). Sensitivity and pain may in¬ 
dicate a sesamoid fracture or desmitis of the suspensory 
ligament. Rotate the fetlock and check the collateral liga¬ 
ments in a manner similar to that used to check the pas¬ 
tern joint (Fig. 3.29). Pain associated with this type of 
manipulation could indicate the same entities that are 
associated with the pastern. 

Next, examine the fetlock joint to assess for pain and 
range of motion. This is done by extending the carpus 
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Figure 3,32 Digital pressure applied to the apical portion of the 
proximal sesamoid bones located on the palmar aspect of the 
fetlock. Pain over this site may indicate apical fracture of the 
sesamoids or desmrtis of the branches of the suspensory ligament. 
The midbody and basilar legions are also palpated. 

Figure 3.31 Palpation of the digital synovial sheath around the 
superficial and deep digital flexor tendons. Synovial distension of 
this sheath is referred to as windpuffs. 



Figure 3.33 Fetlock flexion test, which is performed by fetlock is flexed for 30 seconds, and lameness is evaluated. A 

extending the carpus and flexing Pie fetlock joint. Note that one positive test suggests problems within the fetlock joint, 

hand is placed on the dorsal pastern to create fetlock flexion. The 
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as much as possible and flexing the fetlock. Notice that 
one hand is placed on the pastern (Fig. 3.33). This tech¬ 
nique flexes the fetlock joint separately. If painful, a flex¬ 
ion test is performed by holding the fetlock in this posi¬ 
tion for 30 seconds, after which the horse is trotted off 
and observed for lameness. If no lameness is seen, the 
phalangeal joints and the fetlock joint are flexed by ex¬ 
tending the carpus and applying hand pressure at the toe 
region (Fig. 3.34). This is done for 30 seconds, after 
which the horse is trotted off and observed for lameness. 
If the manipulation elicits pain, the examiner should be 
suspicious of involvement in either the coffin or the pas¬ 
tern joint, of sprain to soft tissue support structures in 
this region, or of desmiris of the anular ligament or sus¬ 
pensory ligament." 1 K,J * ’ Any positive signs should be 
checked against the opposite limb. 

One study evaluated the force applied by different 
examiners when conducting the fetlock and phalangeal 
flexion test in normal horses, ’ The authors found that 
the force varied considerably and was frequently too 
high. Thus it was recommended that the fetlock flexion 
test be performed with a calibrated measuring device 
(Flextest; Krypton Electronic Engineering N.V., Re¬ 
search Park, Interleuvenlaan 86, 3001 Leuven, Belgium) 
to standardize the examination and that a force of 100 
N be applied for 1 minute. 


Metacarpus 

The extensor tendons on the dorsal surface of the 
cannon bone (third metacarpal bone) are palpated for 
swelling and pain and manipulated with the thumb and 
forefinger to identify adhesions. This is particularly im¬ 
portant if a history of trauma to the dorsal surface of the 
cannon bone is obtained, reduced flexion of the fetlock 
is noted during exercise, and the fetlock flexion test is 
positive. Laceration involving the dorsal surface of the 
cannon bone will often involve the extensor tendons and 
periosteum, resulting in adhesive scar formation to the 
bone (Fig. 3.35). Selective heat, pain, and swelling over 
the dorsal middle third of rhe cannon bone may indicate 
dorsal metacarpal disease (bucked shins) (Fig. 3.36). 

l“he entire length of each small (second and fourth) 
metacarpal bone (splint bone) is palpated. This is first 
done with the animal standing, after which the limb is 
elevated with the fetlock flexed. The palmar and axial 
surfaces of the splint bone can be palpated by pushing 
the suspensory ligament toward the opposite side (Fig. 
3.37). Heat, pain, and swelling may indicate a fracture 
or a condition referred to as “splints” if rhe proximal 
second metacarpal bone is involved. Splint fractures 
most commonly involve the medial splint bone of the 
forclimb and the lateral splint bone of the hindlimb. A 
chronic splint bone fracture associated with excessive 



Figure 3.34 Raxing of the mterphaiangeal (pastern and cotton) and fetlock joints. A painful response 

implicates any one of the joint spaces. 
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Figure 3.35 An extensive laceration to the dorsal aspeci ot the 
metatarsus transected the long digital extensor tendon and 
damaged the periosteum, resulting in an adhesive scar to the 
proliferative bone (arrow). 


Figure 3.36 Palpation over the dorsal middle third of the large 
metacarpal bone to identify heat, pain, and swelling associated 
with the bucked-shm complex (dorsal metacarpal disease). 



swelling and pain, which presents as a history of recur¬ 
rent drainage, usually indicates a bone sequestrum. It is 
not uncommon to palpate nonpainfut enlargements of 
the splint bones. These presumably represent sites of pre¬ 
vious trauma. 

Suspensory Ligament 

The suspensory ligament (intcrosseus medius muscle) 
lies just palmar to the metacarpal bones in the metacar¬ 
pal groove. It should be palpated with the limb weight 
bearing and with the limb flexed. Deep palpation is used 
to identify swelling and pain. ,M ' Damage to this struc¬ 
ture often occurs in the distal third of the metacarpus 
associated with the suspensory ligament branches. 1 iow- 
ever, desmitis may be associated with a splint fracture 
that is healing by callus formation anywhere along its 
length. With the limb held in a flexed position, the proxi¬ 
mal attachment of the suspensory ligament to the cannon 
bone is palpated. (Fig. 1.38). Alternatively, one hand can 


be used to apply pressure to this region. This is done by 
placing the palm of the hand on the dorsal metacarpus 
and wrapping the fingers around the medial side to apply 
pressure to the proximal palmar metacarpal region (Fig. 
3.19). Most horses react initially by withdrawing (flex¬ 
ing) the limb. With constant pressure, however, this re¬ 
sponse fatigues. Painful withdrawal that persists may in¬ 
dicate a desmitis of the origin of the suspensory ligament 
with or without avulsion fracture, carpal check ligament 

desmiris, or a fissure fracture of the proximal palmar 

___ 9 , 18 . 45 . 50,57 


Carpal (Inferior) Check Ligament 

The carpal check ligament (accessory ligament of the 
deep digital flexor) originates from the palmar carpal 
ligaments and attaches in a cuplike manner to the deep 
digital flexor tendon at about the middle of the metacar¬ 
pus. A painful, inflammatory process of the carpal check 
ligament picked up by digital examination is referred to 
as “check ligament desmitis.” 
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Figure 3.39 Digital pressure applied to the suspensory 
ligament in the proximal palmar metacarpal region ol the left 
forelimb. 


Flexor Tendons 

The superficial and deep digital flexor tendons arc 
located palmar to the suspensory ligament and are inti¬ 
mately associated with each other. The proximal third 
(associated with the carpus) and distal third (associated 
with the fetlock) of the flexors are encased in tendon 
sheaths, w hereas the central third is covered by a para- 
tendon only. Kach region is palpated carefully for pain, 
swelling, and heat. The degrees of tension are assessed 
if a flexure deformity is present. Palpation is first per¬ 
formed during weight hearing. After this, the dorsal as¬ 
pect of the limb is held in one hand with the fetlock 
flexed, and an attempt is made to roll or separate the 
superficial flexor tendons off the deep digital flexor ten¬ 
dons with the thumb and forefinger (Fig. 3.40). In their 
normal state, they can be easily separated and differen¬ 
tiated. In a pathologic state, they cannot be separated 
because of some degree of adhesion between the two 
and/or of thickening. Damage to these structures results 
in a tendinitis or tendosynovitis. 

Carpus 

Tlie carpus is visualized for swelling on the dorsal 
and palmar surfaces. Point swelling associated with rhe 
antebrachiocarpal and middle carpal joints that occurs 
medial to the extensor carpi radial is tendon usually indi¬ 
cates chip fractures. More diffuse swelling of these joints 
may indicate synovitis/capsulitis, articular slab fracture, 
degenerative joint disease, or proliferative exostosis (car- 
pitis). The synovial sheaths of rhe extensor tendons over- 
lying the carpus may also be distended, indicating syno¬ 
vitis, tendosynovitis, and/or rupture, particularly of the 
common digital extensor tendon in foals (Fig. 3.41). A 
diffuse fluctuant swelling over the dorsal surface of the 
carpus is consistent with acute hematoma/seroma or 
chronic hygroma (Fig. 3.42). Swelling of the palmar car¬ 
pal canal may signal accessory carpal bone fracture, ren- 



Figure 3.40 Palpation of the flexor tendons with the fetlock 
flexed so thal the superficial and deep digital flexor tendons can 


be separated. If they cannot be separated easily, it is most likely 
that adhesions have formed and a bowed tendon is present. 
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Figure 3.41 Swelling over the dorsal surface of the carpus, 
typical of rupture of the common digital extensor tendon in foals 
(arrows). 



Figure 3.42 Swelling over the dorsal surface of the carpus, 
typical of hygroma (arrow). 


dosynovitis (carpal tunnel syndrome)/ 7 or osteochon¬ 
droma formation of the caudal distal aspect of the radius 
(Fig. 3.43). 

Palpation of the carpal joints and bones, including the 
accessory carpal bone, is best done with the carpus 
flexed. The degree of carnal flexion can be evaluated 
first. In most cases, when the carpus is flexed in the nor¬ 
mal horse, the flexor surface of the metacarpal region 
can approximate that of the forearm (Fig. 3.44). When 
severe lameness associated with diffuse joint swelling ex¬ 
ists, the flexion must be performed slowly. Rapid flexion 
in the presence of severely painful conditions, such as 
slab fractures of the third carpal bone, may result in the 
horse rearing and injuring itself or the examiner. A re¬ 
duced degree of flexion with pain is consistent with acute 
synovitis/capsulitis, chip or slab fractures, and desmitis 
of the proximal attachment of the suspensory ligament. 
Reduction in carpal flexion without pain is consistent 
with chronic degenerative joint disease and proliferative 
exostosis. 

After flexion, the carpus can be rotated by swinging 
the metacarpus laterad and mediad (Figs. 3.45 and 3.46). 
With the carpus held in flexion, the individual carpal 
bones can be evaluated by deep digital pressure along 
the dorsal articular surfaces (Fig. 3.47). While the carpus 
is still flexed, the accessory carpal bone is manipulated, 
and with rhe tension of the ulnaris lateralis and flexor 



Figure 3.43 Finger marks the carpal canal. Distension can be 
associated with tendosynovitrs. a fractured accessory carpal bone, 
or osteochondroma of the distal radius. Carpal tunnel syndrome 
may also be present. 
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after which the horse is jogged and observed for in¬ 
creased lameness. 



Figure 3.46 Adduction of the elbow joint and carpus places 
stress on the lateral support structures. Pain may indicate strain or 
sprain trauma. 



Figure 3.47 The dorsal articular margins Of the carpal bones 
can be palpated after the carpus is flexed. Pain may signal a 
carpal chip anchor acute synovrtis/capsulrtis. 


carpi ulnaris reduced, a fracture of the accessory carpal 
bone is palpated (Fig. 3.48). In some cases, osteochon¬ 
droma formation on the caudodistal aspect of the radius 
may also be noted, depending on the degree of synovitis 
present. The carpus is then held flexed for 30 seconds. 


Forearm (Antebrachjum) 


The soft tissues between the carpus and elbow arc 
evaluated for inflammation. When severe inflammation 


is present and a puncture wound is suspected but no 
drainage or wound is seen, it may be helpful to clip the 
hair over the region. A firm swelling associated with the 
flexor muscles may be consistent with a myositis or a 
fibrotic or ossifying myopathy of these structures. The 
distal aspect of the radius is palpated for swelling and 
pain. 

Elbow 

The soft tissues surrounding the elbow joint (cubital 
joint) arc palpated. A firm, usually nonpainful but fluc¬ 
tuant swelling at the point of the elbow is consistent 
with elbow hygroma (olecranon bursitis). If increased 
swelling and an inability to extend the limb (dropped 
elbow) are present, a fracture of the olecranon process 
is likely (Fig. 3.49). When the olecranon fracture nas not 
separated, palpation of the caudal aspect of the olecra¬ 
non will reveal some degree of swelling and pain with 
digital pressure. In addition, carefully elevating the limb 
into extension will often cause pain (Fig. 3.50). 

The collateral ligaments, the humerus, and proximal 
radius can be stressed by abducting and adducting the 
elbow (Figs. 3.45 and 3.46). This is not selective, since 
the carpal and shoulder joints are also manipulated. 
With a fracture, crepitation with increased pain may be 
observed. A word of caution: This test should be per¬ 
formed gently when a fracture is suspected. If a fractured 
humerus is suspected, placing a stethoscope to this region 
may help the examiner identify crepitation. The axilla is 
also palpated for swelling. 

Shoulder 

The soft tissues around the shoulder (scapulohum¬ 
eral) joint are observed and palpated for swelling or atro¬ 
phy (Fig. 3.51). Particular attention should be paid to 
the bicipital bursa region, with deep digital palpation 
performed in an attempt to elicit pain (Fig. 3.52). The 
muscle and tendon are grasped and pulled laterad. If pain 
is elicited, bicipital bursitis and biceps tendinitis may be 
present. Another test to evaluate this region is to flex 
the shoulder joint by placing one hand on the olecranon 
process and pulling the limb caudad (Fig. 3.53). The po¬ 
sition is maintained for 1 minute; then the horse is trotted 
and the degree of lameness is evaluated. Young horses 
exhibiting an obvious shoulder lameness at exercise and 
evidencing variable degrees of pain on manipulation may 
be suffering from osteochondrosis of the shoulder 
joint. 46 Degenerative change within the shoulder joint 
and fractures of the scapula and proximal humerus will 
be painful on manipulation. Elevation of the limb as de¬ 
scribed for the elbow joint will result in a painful re¬ 
sponse, particularly if there is a fracture or a lesion 
within the joint (Fig. 3.50). The limb can be held in this 
position for 1 minute, after which lameness is evaluated. 
Another test to evaluate the shoulder region is done by 
placing one arm over the midline at the withers and the 
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Figure 3.48 Palpation of the accessory carpal bones to identify 
a fracture. This is beet done with the carpus flexed to decrease 
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the tenslonal influence created by the tendinous insertions of the 
uinaris lateralis and flexor carpi ulnaris muscles. 
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Figure 3.49 A dropped elbow associated with a fracture of the Figure 3.51 Muscle atrophy (arrows) associated with 
olecranon process. suprascapular nerve paralysis (Sweeney shoulder). 



Figure 3.50 Elevating the limb into 
extension to flex the elbow joint extends 
the shoulder joint and increases the 
tension of the triceps brachti tendon as 
it Inserts on the olecranon process. 

Pam may indicate a nondistracted 
fracture of the olecranon process or 
problems within the shoukJer joint (e.g_. 
osteochondrosis, fractured scapula). 
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Figure 3.92 Palpation over the point of the shoulder may cause 
pain from bicipital bursitis or ossification of the biceps tendon and 
bursa. 



Figure 3.53 A test that flexes the shoulder and increases the fracture of the supraglenoid tuberosity. To use as a flexion test, 

tension on the biceps tendon to produce pressure on the bicipital hold this position for 1 minute- 

bursa. Reluctance In the horse suggests bicipital bursitis or 
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Figure 3.54 Hand position for evaluating the shoulder region. 


other hand over the distal third of the scapula. The hand 
overlying the distal scapula is rapidly forced axially and 
then released (Fig. 3.54). If a painful response is elicited, 
the shoulder joint may be implicated. 

Scapula 

The infraspinarus and supraspinatus muscles are ob¬ 
served for atrophy, which is consistent with suprascapu¬ 
lar nerve paralysis (Sweeney shoulder) (Fig. 3.51), and 
for swelling, which is consistent w r ith external trauma. 
Deep palpation and manipulation in conjunction w'ith a 
stcthoscopic examination at the swollen site may define 
a fracture. Extension or flexion and abduction or adduc¬ 
tion of the shoulder joint will elicit pain. 


Examination of the Hindlimb 

The hindlimbs are examined in the same manner as 
the forelimbs up to the hock joint. 

Tarsus (Hock) 



Figure 3.55 Synovial swelling of the medial and lateral 
pouches of the tarsocrural joint capsule in a horse with bog spavin 
(arrows} 



The tarsus is observed and palpated for 1) tarsocrural 
joint distension (synovitis, bog spavin), 2) thickening of 


Figure 3.56 An enlargement of the left tarsocrural joint 
associated with capsulitis 
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the fibrous joint capsule (capsulitis), 3) bone prolifera¬ 
tion of the distal larval joints (bone spavin), 4) distension 
of the tarsal sheath (thorough-pin), 5) inflammation of 
the long plantar ligament or superficial flexor tendon 
(curb), 6) luxation of the superficial digital flexor ten¬ 
don, 7) capped hock, and 8) subtendinous bursal effu¬ 
sion (bursitis). Cun can bursitis and tarsitis of the distal 
tarsal joints are not identified until flexion or pressure 
tests and intrasynovial anesthesia are performed." 2 "* 

Generally, there are three types of soft tissue swelling 
associated with the tarsus. The first is felt as a fluid dis¬ 
tension of the tarsocrural joint. It results from synovitis 
and is referred to as "bog spavin.” Synovitis can occur 
alone or in conjunction with osteochondritis dissecans 
and/or intcrarticular chip fractures. Most frequently, the 
synovial effusion can be easily compressed from the dor¬ 
sal medial pouch to distend the plantar-lateral reflection 
of the joint capsule and vice versa (Fig, 3.55). 

The second type ot swelling (capsulitis) is a palpable 
firm distension of the tarsocrural joint capsule. It is usu¬ 
ally difficult to compress the synovial fluid from one 


pouch to the other (Fig. 3.56), The firmness results from 
an extension of the synovial inflammation or direct in¬ 
flammation of the fibrous layer of the joint capsule (cap¬ 
sulitis). Chronic synovitis resulting from degenerative 
joint disease, chronic intcrarticular fractures, and sprain 
trauma to the fibrous joint capsule may be the cause. If 
the lameness is severe, chronic septic arthritis should be 
considered. 

The third type of swelling is a firm, diffuse swelling 
of the entire tarsal joint region (Fig. 3.57). Usually, it is 
a result of severe sprain to the fibrous joint capsule and 
the surrounding ligamentous support structures. 

The distal tarsal joint region (distal imertarsal and 
tarsometatarsal joints) is palpated on the medial side 
(Fig. 3.58). In the normal horse, there is a smooth con¬ 
tour that tapers to the distal tarsal bones as they join the 
proximal metatarsus. This is easily visualized from the 
rear and palpated from the side. If this region appears 
boxy and/or firm with rumpainful, thickened projections 
(Fig. 3.59), the examiner should be suspicious of degen¬ 
erative joint disease of the distal intertarsal and/or the 



Figure 3.57 Diffuse swelling of the left hock region associated with the hock felt firm, and when pressure was applied to the 

with severe sprain and tearing of the medial collateral ligament. A. medial aspect of the hock, pain was elicited. 

Cranial view. B, Caudal view On palpation, the tissues associated 
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a boxy appearance in cases of bone spavin. 



Figure 3.59 Swelling on the medial side of the distal hock 
region (arrow), often a sign of bone spavin 



Figure 3,60 Finger marks site where tendosynovitis of the 
tarsal sheath and deep digital flexor tendon occurs. When 
distended, it is referred to as thorough-pin. 
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Figure 3.61 A. Palpation of the long plantar ligament 
over the plantar surface of the caicaneous Swelling here is 
referred to as a curb Foals that have a curby appearance 
may have collapse of the central and third tarsal bones. B. 
Note the swelling on the ptantar aspect of the hock (arrow). 
C. Bilateral lateral displacement of the superficial digital 
flexor tendons (SDFTs) Black arrows, lateral displacement 
of the SOFTs proximal to the hock; white arrows. Lateral 
displacement of the SDFTs at the point of the hock. 



1 


Copyrighted material 




146 Adams' Lameness m Horses 


tarsometatarsal joints (bone spavin). The Churchill pres¬ 
sure test can be applied at this time. With the index and 
middle fingers, firm pressure is applied to the plantar 
aspect of the proximal end (head) of the medial small 
second metatarsal (splint) bone. The test is considered 

S ositivc and specific for hock pain (lameness) if the horse 
exes and abducts the limb. 11 
The tendon sheath of the deep digital flexor tendon 
is visualized and palpated for swelling. Swelling in this 
area is a result of synovitis or rendosynovitis of the tarsal 
sheath and tendon (“thorough-pin”) (Fig. 3.60). The 
plantar aspect of the os calcis is palpated for inflamma¬ 
tion of the plantar ligament (“curb”) (Fig. 3.61 A), tendi¬ 
nitis of the superficial flexor tendon (Fig. 3.6 IB), dis¬ 
placement of the superficial digital flexor tendon (Fig. 
3.61C), and a fluid swelling at its proximal limirs, which 
is referred to as the "capped" hock. The subtendinous 
bursa are visualized and palpated for swelling (Fig. 3.62). 
Distension of the bursa usually represents a cosmetic 
blemish and is not a cause of lameness. 



Figure 3.62 Swelling of the subtendinous bursa at the plantar 
aspect of the hock (arrows). 


In most cases, palpation of the rest of the hindlimb is 
continued; but for the sake of continuity, the hock flex¬ 
ion test (spavin test) will he discussed now. The examiner 
should place the hands on the plantar surface of the distal 
third of the metatarsus, specifically avoiding the sesa¬ 
moid hones, then elevate the limb to flex the hock (Fig. 
3.63). Both hand placement and grip pressure arc impor¬ 
tant. This test should not be run by holding the foot with 
the pastern and fetlock in a flexed position or hv holding 
the pastern or sesamoid bone region. The examiner 
should hold the limb w'ith a loose grip. A firm grip may 
cause sufficient pressure to the flexor tendon and suspen¬ 
sory ligaments to elicit withdrawal or result in a positive 
test. Alternatively, the tip of the toe can be held so the 
pastern and fetlock joints are extended and the hock is 
flexed (Fig. 3.64). It is often beneficial to flex the tarsus 
gradually to its fullest extent over a 15-second period. 
This allows a sensitive or painful horse to accommodate 
to the flexion. If the horse tends to lean away from the 
examiner, it is helpful to place the horse adjacent to a 
solid support (e.g., wall or fence) or to have an assistant 
provide counterbalance pressure to the tuber coxae of 
the opposite hip. 

Once the tarsus is in full flexion, it is held in that 
position for 1 to l Vi minutes. If the horse forces the limb 
into extension, it is best to start the test over again. As 
the end of the flexion test period nears, the handler 
should obtain a loose grasp on the lead shank. This is 
important because the person performing the flexion test 
should initiate the horse’s movement. If the handler at¬ 
tempts to do this, the horse will often balk, either stand¬ 
ing still or backing up, which reduces the effectiveness 
of the test. Ideally, the flexion test is performed in an 
area where the horse can be jogged away in a straight 
line. The examiner initiates the movement by a gentle 
swat on the rump, which most horses accept well. If the 
horse is swatted too hard, it may break into a gallop, 
negating the test. The first few' steps the horse takes after 
this test are often the most important. 

A positive hock flexion test is indicated by an increase 
in the asymmetry in the gluteal use and often a more 
pronounced decrease in the height of foot flight arc and 
a shortened cranial phase of the stride. For nonpalpable 
inflammatory' diseases of the distal tarsal joints (tarsitis 
and bursitis), the increase in lameness may be evidenced 
only for the first 3 to 10 steps, after which the horse 
assumes its original gait. 22,21 More prolonged lameness 
results from degenerative joint disease (bone spavin), in¬ 
complete tibial fractures, intraarticular fractures, severe 
sprain, and synovitis/capsulitis. Not all horses w'ith os¬ 
teochondritis dissecans exhibit increased lameness after 
the hock flexion test. 

If there is any Question regarding the validity of the 
flexion test, it should be rerun. Two of the most common 
errors in performing this test are not obtaining full tarsal 
flexion and spooking the horse so that it balks at the 
onset of the test instead of jogging off at a smooth pace. 
Because the hip, stifle, fetlock, and phalangeal joints are 
flexed, this test cannot be considered definitive for the 
tarsal joints alone. Thus it is recommended that the other 
joints be examined before the hock flexion test is per¬ 
formed. Furthermore, the Churchill pressure test (de¬ 
scribed earlier) is believed to be more specific for hock 
lameness. 11 
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Figure 3.63 Hock flexion (spavin) tael. The hincftmb is flexed 
so the metatarsus is approximately parallel to the ground surface. 
It is held in this position for 1 to i\ minutes, and the horse is 


In addition, an attempt can he made to extend the 
hock joint if clinical signs consistent with rupture of the 
peroneus terttus muscle arc noted during exercise. With 
the stifle flexed, the hock is extended to reveal the char¬ 
acteristic dimpling of the gastrocnemius tendon (Fig. 
3.65). 

Tibia 

The tibia] region should be observed from all angles 
for swelling and then palpated. Swelling in the caudal 
tibia I region may indicate myositis of the semimembra- 
nous and semttendinous muscles (Fig. 3.66) or gastroc¬ 
nemius tendinitis (Fig. 3.67). Inflammation associated 
with the distal medial epicondyle region could be asso¬ 
ciated with a fracture or sprain to the medial collateral 
ligament. Swelling and pain with deep digital palpation 
of the distal third of the tibia, associated with prox¬ 
imal tibia I pain and severe lameness and a positive 
spavin test, should alert the examiner to the possibility 


observed for increased lameness. Increased lameness is 
considered a positive test but is not pathognomonic for spavin 
because tie stifle and fetlock joints are also flexed. 


of an incomplete tibia I fracture. A complete fracture 
of the tibia is associated with a non-weight-bearing 
lameness, severe swelling, and crepitation on palpation 
and manipulation. The limb may also appear short¬ 
ened as a result of bone fragment overriding. Swelling 
and angular deformity of the limb associated with the 
tibia are common findings (Fig, 3.68), The semimem¬ 
branosus and semi tend in osus muscles are palpated for 
any evidence of pain and swelling, which indicate myo¬ 
sitis (hamstring pull), and for firm scarring, which 
signals either fiorotic or ossifying myopathy. The 
gastrocnemius tendon is palpated for swelling and 
pain. 

Stifle 

The stifle is observed for swelling and/or atrophy of 
the associated muscle groups. Distension of the femoro- 
patellar joint is best seen from the lateral view (Fig. 3.6V). 
Distension of the medial fcmorotibial joint can be seen 
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Figure 3.64 The toe of the hoof is held to extend the fetlock 
and phalanges, and the hock is flexed. 



Figure 3.65 Ruptured peroneus tertius Note the Hexed stifle, 
extended hock, and dimpling on the caudal aspect of the 
gastrocnemius tendon. 



Figure 3.67 Swelling associated with the gastrocnemius tendon 
(arrow), 


Figure 3.66 Caudal view showing swelling of the muscles of 
the right hindiimb. 
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Figure 3.68 Swelling and angular deformity of the tibial region 
(arrows) This horse had a comminuted tibial fracture 


from the cranial view (Fig. 3.70). Fairly diffuse swelling 
mav indicate medial collateral ligament injury (Fig. 
3.71), 

Next, the three distal patellar ligaments are palpated 
deeply for desmiris, and the medial patellar ligament is 
checked for scarring, which indicates a previous desmo- 
tomy. The femoropatellar joint pouch is palpated for 
fluid distension and capsulitis (gonitis). Synovitis/capsul- 
itts in the femoropatellar pouch indicates pathology 
within the femoropatellar joint or in the medial femoro- 
tibial joint. Results of the examination are compared 
with those of the opposite limb. In general, the greater 
the fluid distension and the thicker the joint capsule, the 
more severe the pathology. Mild distension and capsul¬ 
itis are normal for horses that are in active training. Ex¬ 
cessive fluid distension of the femoropatellar pouch, 
w Inch is associated with marked capsulitis, suggests cru¬ 
ciate ligament desmitis or rupture, mcniscal damage, 



Figure 3.69 Lateral view of the right htndtlmb showing 
distension of the femoropatellar joint pouch (arrow). 


medial collateral ligament sprain and/or rupture, intra- 
articular fracture, degenerative joint disease, and osteo¬ 
chondritis dissecans of the trochlea. The patella should 
he palpated for peripatellar inflammation and pain,crep¬ 
itation, and displacement. 

Manipulation rests of the stifle include the patellar 
displacement test, stifle flexion test, and cruciate test. 
The examiner should also evaluate the medial collateral 
ligament. 

The patellar displacement test is performed with the 
base of the patella held between thumb and forefinger. 
The patella is then displaced proximad (upward) and 
laterad (outward) in an attempt to engage the medial 
patellar ligament over the medial trochlea. Most horses 
object to this manipulation and will attempt to flex the 
stifle to prevent the forced upward displacement of the 
patella. Sometimes they attempt to kick. To prevent this, 
I find it helpful to grasp the tail in one hand to force 
the horse into weight hearing on the limb that is being 
examined. It may help to place the opposite side of the 
horse against a solid object so it cannot withdraw to 
that side. If the patella is easily displaced upward with 
apparent locking, the horse is walked off and its reaction 
is observed. With complete upward fixation, the horse 
will be unable to flex its stifle and will drag its limb 
behind in extension (Fig. 3.72). If the patella is easily 
placed proximad and does not lock—and crepitation 
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Figure 3.73 The distal tibia is grasped 
and elevated to perform the stifle flexion 
test. 



Figure 3.74 First method for cruciate test. The examiner places 
his knee behind the point of the hock and jerks the proximal part 
of the tibia caudad {arrow). Any looseness or crepitation felt when 
the :ibta moves caudad or slides forward indicates rupture of the 
cranial ligament and possibly the caudal cruciate ligament. No 
movement between the tibia and femur can be produced in the 
normal horse 



Figure 3.75 Second method for cruciate test The examiner 
stands cranial to the stifle One hand is placed on the proximal 
tibia and forces it caudally (arrow) and releases it craniad tor 20 to 
25 bmes. During this manipulation, the horse s tait ts pulled to the 
side of the examiner to force the horse into weight beanng. With 
cruciate rupture, joint laxity is associated with severe pain With 
sprain trauma of the cranial cruciate ligament, increased lameness 
will be observed at exercise 


For the second method of rhe cruciate test, the exam¬ 
iner stands cranial to the affected limb and places one 
hand on the proximal tibia! tuberosity. The examiner 
then pushes caudad as quickly and forcibly as possible 
and lets go. The other hand pulls the tail to that side 
to force the horse into weight bearing. The caudal and 


rebound forces cause stress to the cranial and caudal 
cruciate ligaments {Fig. 3.75). This is done 20 to 25 
times, after which the horse is trotted off and the degree 
of lameness is observed. An assistant, if present, can help 
to hold up the forelimb on the same side as the affected 
hindlimb. An increase in lameness may indicate a 
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Figure 3.76 Teel to stress the medial collateral ligaments of the 
hook and stifle. Alternatively, one hand can he placed on the 
medial aspect of the distal end of the tibia to stress the medial 
collateral ligament of the femorotihiaf joint more selectively. The 


examiner’s shoulder can be placed over the middle of the tibia and 
both hands on the distal metatarsus to create selective tension on 
the medial collateral ligament of the hock. A painful response may 
indicate sprain trauma. 


sprained cruciate ligament; degenerative joint disease, in- 
tcrarticular fracture, and medial mcniscal damage, how¬ 
ever, cannot be ruled out." 

The medial collateral ligament rest is performed by 
placing the shoulder over the lateral aspect of the femor- 
otibial joint and abducting the distal tinib (Fig. 3.76). 
This test can be performed in tw'o ways. In cases of me¬ 
dial collateral ligament rupture, the test usually elicits 
enough pain to cause the horse to fall to the opposite 
side. In cases of ligament sprain, the limb is abducted 5 
to 10 times, after which the horse is trotted off and the 
degree of lameness is noted. Medial meniscus damage 
associated with rupture of the cranial cruciate ligament 
and rupture of the medial collateral ligament usually 
causes a grade 4 to 5 lameness. The lateral collateral 
ligament is tested by forcing the limb niediad. Because 
the coxofemoral joint is also being manipulated, pain 


from this region will also elicit a positive response to this 
test. 


The muscles surrounding the femur are examined for 
swelling and/or atrophy (Fig. 3.77). The femoral artery 
is palpated for the quality of pulsations on the medial 
side of the thigh in the groove between the sartorius mus¬ 
cle cranialty and the pectineus muscle caudally. If the 
pulse is weak or nonexistent, thrombosis of the iliac ar¬ 
tery may be the cause. Pressure can be applied to the 
greater trochanter; if pain is elicited, middle gluteal mus¬ 
cle strain or trochanteric bursitis (whirtbone disease) 
should be suspected. 11 Standard bred horses evidencing 
pain in this region may also have hock or stifle prob¬ 
lems." Complete fractures of the femur result in non- 
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Figure 3.77 Neurogenic atrophy of the vastus lateralis muscle 


weight-bearing lameness associated with swelling and 
limb shortening resulting from overriding of the fracture 
|Fig. 3.78). 

When it is difficult to discern crepitation by palpation, 
try placing a stethoscope over the region of the suspected 
fracture to pick up any audible crepitation. Femoral neck 
fractures can be particularly difficult to diagnose. If the 
horse is examined shortly after the fracture has occurred, 
the swelling will be localized to the hip region, and the 
hip joint can be rotated more easily. As rime passes, the 
swelling migrates distad and is observed on the medial 
side of the thigh, giving the impression that the distal 
femoral region is involved. 

Hip 

The hip is examined for asymmetry and atrophy of 
associated muscle groups. The examiner can estimate the 
location of the greater trochanter of the femur in rela¬ 
tionship to the other structures by using finger-hand 
measurements; checking the distance from the tuber 
ischiadicunt to the greater trochanter and from the tuber 
sacralc to the greater trochanter. Luxation of the hip 
causes a disparity in these measurements. Because the 
head of the femur usually luxates cranial and dorsal to 
the acetabulum, the distance between the tuber ischiadi- 
cum and greater trochanter will be increased, whereas 
the distance between the tuber sacrale and the greater 
trochanter will be decreased, compared with the oppo¬ 
site side. At a walk, a stifle-out, hock-in, toc-out gait is 
frequently observed, with an apparent shortening of the 
limb length evidenced by the horse stepping down to the 


affected limb (Fig. 3.79). From the side, the affected limb 
will appear to be straighter than the contralateral limb. 
On manipulation, the limb cannot be rotated craniomed- 
iad, When the round ligament is ruptured without coxo- 
femoral luxation, the horse will still walk with the stifle- 
out, hock-in, and toe-out appearance, but the measure¬ 
ments from the greater trochanter will not be greatly 
affected and the limb length will appear normal. With 
the metatarsus held in the hand, the examiner can manip¬ 
ulate the coxofcmoral joint into extension, flexion, and 
abduction. Furthermore, the hip can be intermittently 
flexed and, with a stethoscope, auscultated at the same 
time to identify any crepitation. If crepitation is present, 
the examiner should be suspicious of a femoral neck and/ 
or acetabular fracture with non-weight-bearing lameness 
and/or degenerative joint disease. The sounds heard on 
one side should be compared with those heard on the 
other. Auscultation over the coxofcmoral joint can be 
done w'hile the horse is being walked. However, it is 
important to interpret only the sounds that emanate 
from this region when the foot is off the ground in flight 
as being abnormal. Myriad sounds are heard as the horse 
places the foot on the ground and progresses through 
weight hearing to lift off, These sounds are difficult to 
interpret. Perceived abnormal sounds should be com¬ 
pared with sounds from the opposite side. Fracture of 
the acetabulum, if suspected, may be diagnosed by exam¬ 
ination of the region per rectum. For degenerative condi¬ 
tions of the hip, limb abduction is often painful, and 
repeated limb abduction will usually exacerbate the 
lameness. 
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Figure 3,78 Fractured femur Note the swelling of the thigh 
muscles (black arrow) and the location of the po*nt of the hock 
(white arrow). The injured limb appears shorter than the 
unaffected limb 


Pelvis 

The pelvis is examined externally. First, the symmetry 
of the tuber coxae, the tuber ischiadicum, and tuber sa¬ 
cra le on each side is checked. Asymmetry in the tuber 
coxae or tuber ischiadicum should make the examiner 
suspect fracture of these prominences. Asymmetry of the 
tuber sacrale (hunter's bump) may indicate a sacroiliac 
problem. If a mare shows swelling in the perivaginal Tis¬ 
sues and edema of the vaginal mucosa, the examiner 
should consider a symphvseal fracture of the pubis. This 
can be confirmed in the mare by a vaginal examination 
in conjunction with manipulation of tnc hindlimb by an 
assistant. If present, crepitation and separation or the 
pubis can be palpated. Fractures of the ileum and acetab¬ 
ulum can also be picked up by rectal examination (cov¬ 
ered in greater detail later). 

Examination of the Back 

First, the horse’s back is observed for contour from 
the side and for axial alignment from the rear (Figs. 3.80 
and 3.81). Next, the tips of the dorsal spinous processes 
are palpated for axial alignment, protrusion or depres¬ 
sion, and interspinous distance (Fig. 3.82). Malalign- 



Figure 3.79 A luxated hip Note the shortened limb and the 
stifle-out, hock-in, and toe-out appearance 


merit of these processes may indicate fracture and luxa¬ 
tion or subluxation or overlapping of the dorsal spinous 
processes (Fig. 3.83), 

Then, the horse’s reaction to gentle running of the 
fingertips of both hands down the back from the withers 
to the base of the tail is assessed. Thin-skinned, hypersen¬ 
sitive horses will cringe when this is done; but if the horse 
does not respond dramatically, the reaction should not 
be considered clinically significant. Any muscle swelling, 
atrophy, or asymmetry is noted. After this, firmer pres¬ 
sure is applied to the dorsal epaxial muscles in the same 
manner as before (Fig. 3.84). Most horses respond to 
ressure in the lumbar region by ventroflexing rheir 
acks. After a few repeated applications of hand pres¬ 
sure, however, the response fatigues and withdrawal is 
less prominent. For horses that appear sensitive (pain¬ 
ful), a gradual increase in finger-applied pressure is indi¬ 
cated. Back sensitivity that continues with minimal re¬ 
duction in response should be considered clinically 
significant. As with any of these tests, each animal re¬ 
sponds somewhat differently; therefore, the assessment 
requires clinical experience. In some cases, tightening 
rather than withdrawal of the longissimus dorsi muscle 
is felt. This usually signifies that the horse is attempting 
to fix the vertebral column because ventroflexion and 
withdrawal from pressure is painful. Finally, fingertip 
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B 

Figure 3.80 A. Lateral view ot swelling (arrow) In the thoracic region. B. Vertebral body changes (arrow) can 

be seen on the radiograph. 
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Figure 3.81 Dorsal view of deviation of the spine (line). 



Figure 3.82 A. Palpation of the summits of the dorsal spinous 
processes to identify depressions or protrusions that may indicate 


suWuxation or fracture. B Palpation of the axial alignment of the 
dorsal spinous processes 
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Figure 3.64 Firm pressure applied 
to the back muscles along their entire 
length, from the withers to the tuber 
sacrale, to identify a painful response. 
Note that the fingers are held flat 


pressure is applied to the epaxial muscles lateral to the 
dorsal spinous processes and the response is observed 
(Fig. 3.85). 

Flexion and Manipulation Tests 

Flexion and manipulation tests allow the examiner to 
gain an appreciation of the horse’s willingness to ven- 
troflex, dorsiflex, and lateralflex its thoracic and lumbar 
vertebrae. 32 Assessment of the horse’s ability to ven* 
troflex the back is obtained by pinching the muscles in 
the thoracolumbar region. For dorsiflexion of the back, 
either the horse is pinched over the croup, or a blunt 
instrument is run over this region (Fig. 3,86). This is 
done to create a dorsal arching of the thoracolumbar 
region and a coupling under of tne croup region. Lateral 
flexion is assessed by firm stroking of the lateral thoraco¬ 
lumbar region. This procedure is performed on both 
sides with a blunt instrument (Fig. 3.87). Reluctance to 
flex, associated with muscle tightening and back rigidity, 
often indicates a problem in the thoracolumbar region. 
In some instances, the pain can be localized by selective 
finger pressure. For a definitive identification of the loca¬ 
tion and cause, nuclear scintigraphy and/or radiographs 
of the region should be done. Tail elevation usually 
causes the horse to couple under behind. With damage 
to the sacrococcygeal region, however, the dorsal lifting 
of the tail may result in a camping out behind. Radio¬ 
graphic examination of this region can be definitive. 


Examination of the Neck 

The neck is visually examined for contour from the 
side and for axial alignment from the front and rear. 
Excessive ventral arching of the neck in the midcervical 
region is seen in some cases of cervical vertebral malfor¬ 
mation (CVM). A straight (extended) poll can be seen 
with atlantooccipital and atlantoaxial malformations. 
Axial deviations of the neck are most commonly the re¬ 
sult of a development problem (e.g., hemivertebrae) or 
trauma. Splinting and spastic contraction of the neck 
muscles with or without signs of spinal ataxia arc consis¬ 
tent with vertebral fracture. Generally, these horses are 
in great pain. 

Palpation is done to identify muscle atrophy or swell¬ 
ing and to document the alignment of the vertebrae. 
Muscle atrophy is most often observed in the caudal neck 
region dorsal to the cervical vertebrae. The atrophy may 
be symmetric or asymmetric (affecting one side). Causes 
for muscle atrophy include CVM, arthritic articular fac¬ 
ets, and equine protozoal myelopathy. Lateral or ventral 
swelling of the neck is generally a sign of trauma and/ 
or infection. The transverse processes of the vertebrae 
arc palpated for alignment and symmetry. 

The neck should be flexed laterally and venrrally and 
extended to assess flexibility, range of motion, and pain. 
Lateral flexing can be done by pulling the horse’s head 
by the halter to one side, then to the other. Alternatively, 
lateral neck flexion can be encouraged by holding a car- 
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Figure 3.87 Test lateral flexion by stroking the lateral lumbar 
and thoracic area with a blunt object, such as a ballpoint pen. 
Normal horses are usually quite expressive and flex readily. 



Figure 3.86 A blunt instrument 
such as a ballpoint pen is run over 
the croup to create dorsiflexion m 
the back region. Reluctance to 
dorsrflex may indicate a problem of 
either the soft tissues or the 
vertebral column associated with the 
back region 
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Figure 3.8a Lateral view of rectal 
examination showing palpation of 
the iliopsoas muscles just cranial to 
the pelvic brim. 


rot or apple at the horse’s shoulder. Most horses can 
lateral flex their neck enough that the muzzle almost 
contacts the craniolateral shoulder region. Ventroflexion 
is assessed by feeding the horse at ground level, and ex¬ 
tension is evaluated by elevating the head and neck. Re¬ 
sistance to neck movement in any direction may be a 
result of pain or extensive degenerative changes in the 
articular facets. 


Rectal Examination 

The rectal examination can be an important part of 
the lameness evaluation, particularly if myositis, frac¬ 
tured vertebrae, thrombosis of the iliac arteries, or pelvic 
fracture is suspected. The horse is first examined while 
it is standing still. The examination begins in a cranial 
to caudal direction. Pressure is applied to the iliopsoas 
muscle located cranial to the pelvic brim (Fig. 3.88). If 
pain is elicited, with the horse assuming a splinted (mus¬ 
cular fixing) position, local myopathy or fracture of the 
lumbar vertebrae should be suspected. In some cases of 
fracture, there will be ventral swelling associated with 
the lesion. 

Next, the aorta is checked for pulsation. If a strong 
pulse is not present in one of the iliac arteries, thrombosis 
should be suspected. Conformation of iliac thrombosis 
can be obtained with ultrasound examination per rectum 
and/or flow phase nuclear scintigraphy. 

Then, symmetry of the palpable pelvis is checked by 
comparing one side with the other (Fig. 3.89). An ob¬ 
vious asymmetry will be seen with displaced ileal frac¬ 
tures. If a hairline pelvic fracture is present, manipulation 
of the limbs may cause crepitation or result in enough 
separation of the fragments so that the break can be felt 
digitally. 

Lastly, the ventral aspect of the sacral vertebral bodies 
is checked for alignment and for any depression or pro¬ 
trusion into the pelvic canal, which may indicate fracture 
or subluxation. If any question exists, the examination 
continues first with the horse being rocked from side to 
side by alternate pressure applied to each tuber coxae. 
In some cases, it is beneficial to walk the horse while 
performing the rectal examination. 



Figure 3.89 Dorsal view of rectal examination showing 
evaluation of the symmetry of the pelvis. One side 1$ compared 
with the other The petvts is also palpated for crepitation while the 
horse is swayed from side to side while standing or during 
movement. 


Sway Response 

The horse is checked for weakness in the hindlimbs 
that may indicate ataxia (wobbler syndrome). The horse 
can either be pushed from one side to the other or be 
pulled by its tail (Fig. 3.90). Normal horses resist this 
ressurc or pull effectively. Ataxic horses, on the other 
and, appear relatively weak and do very little to resist 
swaying from one side to the other. 

Special Considerations 

Hyperthermia (heat) is best checked by touching the 
area with the back of the hand and comparing this with 
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be pulled toward the examiner with at least some degree ol ease. 


the opposite limb. Keep in mind that an area that has 
been clipped will feel warmer than an unclipped area, 
and the sun's rays on one limb will make it feel warmer 
than the other limb. 

Crepitation without pain may he produced in normal 
joints, and there is more movement (laxiry) on inanipuLa - 
tion of the proximal interphalangcal (pastern) and distal 
intcrphalangeal (coffin) joints of some horses than in 
others. The examiner should always compare the lame 
limb with the opposite limb to determine if abnormalities 
are present. 

It similar regions on both limbs appear painful to pres¬ 
sure, it must be determined whether this is truly a painful 
response or the horse is reacting because it is nervous. 
Young untrained horses arc more difficult to examine 
than horses that are well trained, and some mature 
horses have nervous temperaments that hamper exami¬ 
nation procedures. Thus, some allowances should be 
made for nervousness or fear. Tranquilizatton may be 
necessary, or at least helpful, for conducting a thorough 
examination. 

Local Anesthesia 


Local anesthesia is commonly used to confirm or iden- 



to prove a diagnosis to the horse's owner who is suspi¬ 


cious of another site of pain causing the lameness. Local 
anesthesia may he accomplished by perineural infiltra¬ 
tion (nerve block), field block (ring block), direct infiltra¬ 
tion of a sensitive region, or intrasynovia I injection (joint 
capsules, bursa, and sheaths). Perineural infiltration and 
field blocks are used to localize the source of pain causing 
lameness to a specific region and, therefore, must be per¬ 
formed in a systematic manner, starting with the distal 
(lower) extremity and progressing proximad (upward). 
Direct infiltration and intrasynoviai anesthesia arc used 
to identify the involvement of a specific structure/ 

Once the region of pain has been identified and the 
lameness has been improved or eliminated by anesthesia, 
diagnostic imaging (radiographic, ultrasonographic, or 
scintigraphic examination) ot that region should follow. 
It has been estimated that difficulties in interpretation of 
the results of diagnostic anesthesia occur in approxi¬ 
mately 5% of cases, and the reasons for the difficulties 
are poorly understood, 17 ''" 4 

For direct infiltration or perineural anesthesia, the site 
should be scrubbed with 4- by 4-inch gauzes soaked in 
alcohol until clean. The horse may be clipped when the 
hair is unusually long or soiled. Although it has been 
shown that clipping the horse is not necessary for intra¬ 
synoviai anesthesia, if the site is properly scrubbed for 
injection, ' '' 1 unless the owner and/or trainer requests 
that the hair not he clippped, I still clip the hair over the 
site to be injected. 

In all cases, because of residual tissue irritation, the 
least amount of local anesthetic should be used. Since 
the injection site needs to be palpated for perineural or 
direct infiltration before needle placement, the hands 
should be cleansed before injection. In all cases of intra¬ 
synoviai anesthesia, the use of sterile gloves is recom¬ 
mended. It is also recommended that sterile needles and 
syringes be handled by the sterile-gloved hand and that 
a new, unused bottle of local anesthetic be used. 

When performing local anesthesia, the horse should 
be haltered and restrained by an attendant who is stand¬ 
ing on the same side of the horse. For intrasynoviai anes¬ 
thesia, a twitch is usually applied so that there will be 
minimal limb movement during the insertion of the 
needle and injection of the anesthetic. When using local 
anesthesia for the hindlimb, the practitioner should al¬ 
ways be in a position so that minimal bodily harm will 
result if rapid movement occurs. In most cases, the needle 
is inserted rapidly and the syringe is applied just tight 
enough to prevent loss of local anesthetic solution when 
injection pressure develops. 

The most frequently used local anesthetics arc 2% 
lidocaine hydrochloride (Xylocaine hydrochloride) and 
2% mcpivacainc hydrochloride (Carbocainc). These so¬ 
lutions are potent, rapidly effective, and irritating, so 
minimal amounts should he used. Because mepivacaine 
is longer lasting and less irritating than lidocaine, it is 
my choice in most cases,'' 1 Although 2% procaine hydro¬ 
chloride can be used, it is not as effective as other local 
anesthetic drugs. Also, procaine has no topical effect 
and, therefore, is of no value for intrasynoviai injections 
for the diagnosis of lameness. The use of local anesthetics 
containing epinephrine should be avoided because of the 
potential to cause skin necrosis over the site of injection. 
Marcamc, a long-acting local anesthetic, may be used in 
some cases. 
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Perineural Anesthesia 

When the lame limb has been identified but, after ma¬ 
nipulation, the practitioner is either not sure of the exact 
region affected or is suspicious of several areas causing 
pain in the limb, perineural anesthesia and field blocks 
may be of help. Even if a suspicious region is identified, 
it is often useful to anesthetize the region to be absolutely 
sure that all the lameness is emanating from that region. 
It is not uncommon to find several regions on one limb 
or to find that other limbs may be contributing to the 
overall lameness problem. In these cases, local anesthesia 
will allow the examiner to interpret the percentage that 
each region is contributing to the lameness. 

To properly interpret perineural anesthesia, the exam¬ 
iner must have a thorough knowledge of the neuroana¬ 
tomy of the involved region and a good understanding 
of the limitations of perineural anesthesia and field 
blocks. In most cases, perineural anesthesia is applied in 
a stepwise manner, starting from the distalmost periph¬ 
eral part of the limb and progressing proximad. The 
more distal the nerve, the more specific tne region anes¬ 
thetized. 

Field blocks (ring blocks) can he used in conjunction 
with perineural anesthesia to regionalize the pain. They 
are not needed in most cases, however. The most useful 
of the field blocks is the pastern ring block, w r hich will 
block out the entire region distal to the block. It was 
once believed that field blocks were necessary because 
some skin sensations persisted distal to the block. 14 With 
a clearer understanding of neuroanatomy, however, it 
has been recognized that all deep structures are anesthe¬ 
tized with perineural anesthesia distal to its application. 
The only exception is when an aberrant nerve supply 
exists. Also, since the nerves distribute from palmar and 
plantar locations and distribute distad obliquely to the 
dorsal surface, the examiner can be more specific with 
a field block at the pastern region. 

Traditionally, the effectiveness of perineural anesthe¬ 
sia and field blocks has been evaluated by checking the 
skin sensation distal to the point of injection. With expe¬ 
rience, however, most clinicians have realized that this 
is not always reliable and that some horses will retain 
skin sensation hut do not feel pain to manipulation tests 
that previously caused pain (such as hoof tester examina¬ 
tion, deep palpation, and flexion). Furthermore, lame¬ 
ness at exercise is no longer present. Therefore, it is rec¬ 
ommended that all these approaches be used before 
finally deciding whether perineural anesthesia or field 
blocks are successful. Skin sensation is checked with a 
blunt object, such as a ballpoint pen; instead of jabbing 
it, apply it gently at first and then increase the pressure. 
Most horses arc receptive to this technique, particularly 
those that are not totally anesthetized. Alternatively he- 
niostats can be applied to the skin. Perineural anesthesia 
and field blocks are performed in a similar manner in 
both forelimbs and hindlimbs distal to the carpus and 
tarsus, because, with some exceptions, the neuroana- 
tomv is similar. 

The Foreumb 

Palmar Digital Nf.rve Block. The medial and lateral 
palmar digital nerves are located just palmar to their 
respective artery and vein and lie along the dorsal border 


of the superficial digital flexor tendon proximal to the 
pastern joint and along the deep digital flexor tendon 
distal to the pastern joint. The injection is usually done 
with the foot elevated. Some examiners prefer to stand 
with their backs toward the animal’s rear end while hold¬ 
ing the hoof between their knees. Others prefer holding 
the pastern with one hand while injecting with the other 
and assume either a lateral or a frontal position in rela¬ 
tion to the limb. The palmar digital nerves are anesthe¬ 
tized just distal to the cartilages of the distal phalanx 
(Fig. 3.91). Blocking the nerves at this location alleviates 
the chances of the dorsal branches of the palmar digital 
nerves also becoming anesthetized. 

A Vinch (1.58-cm) 25-gauge needle is inserted into 
the subcutaneous tissue, and 1.0 to 1.5 mL of local anes¬ 
thetic solution are injected perineurally. Care is taken 
not to enter the digital sheath, which lies deep to the 
nerve. If the pressure required to inject the anesthetic 
solution is excessive, the needle is retracted slightly and 
redirected. Because there arc several tissue planes, it is 
advisable to inject a small amount of local anesthetic as 
the needle is being withdrawn. 

Clinically important structures that arc desensitized 
by bilateral digital nerve blocks are listed in Table 3.4. 
Recently, it has been shown that the coffin joint is desen¬ 
sitized following the injection of the medial and lateral 
palmar digital nerves at the level of the heel with 3 mL 
of local anesthetic. 35 " After 5 to 10 minutes, the block 
is checked by testing skin and deep sensation between 
the heel bulb. If skin sensation is gone, the examiner can 
be assured that the significant structures listed in Table 
3.4 have been desensitized. If a question exists, apply 
hoof testers or deep digital pressure to the painful region. 
If the block is complete, there should he no response 
to hoof tester pressure. If the block is done above the 



Figure 3.91 Injection sites tor the palmar digital nerves below 
the level of the collateral cartilages on the right forelimb. In this 
case, the right hand is used to inject both nerves. A, the needle is 
inserted parallel to the lateral palmar digital nerve: B, the needle 
enters just off midline and is inserted in the subcutaneous tissues 
to approximate the medial palmar nerve 
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Table 3.4 SIGNIFICANT STRUCTURES DESENSITIZED 
BY THE MEDIAL AND LATERAL PALMAR DIGITAL 
NERVE BLOCKS 


Navicular bone (distal sesamoid bone) 

Navicular bursa (podotrochlear bursa) 

Distal straight, oblique, and eructate ligaments (distal sesamotdean 
ligaments) 

Distal superficial flexor and deep digital flexor tendons and sheaths 
Digital cushion 
Conum of the frog 
Conum of the sole 

Palmar aspect of the phalangeal joints (all of the coffin joint in some 
cases) 

Palmar third and solar aspect of the distal phalanx 


collateral cartilages* it is advisable to evaluate the limita¬ 
tions of desensitizarion by checking skin sensation on 
the dorsal region of the pastern. 

Once the block has been assessed, the horse is exer¬ 
cised in a manner similar to that which led to the original 
signs of lameness. In cases of navicular syndrome, the 
lameness will often shift to the opposite forclimh. In gen¬ 
eral, other conditions affecting this region, such as wing 
fractures of the distal phalanx, subsolar abscess, pedal 
osreitis, and gravel, are unilateral, and the lameness 
should be greatly reduced or eliminated. 

Pash-rn Fin n Block (Ring Block of the Pasterni. If 
after the palmar digital nerve block the horse is still lame, 
a pastern field (ring) block can be performed just above 
the cartilages of the distal phalanx (Fig.3.92). Three to 
5 ml. of anesthetic are injected subcutaneously laterally 
and medially, extending from the respective palmar digi¬ 
tal nerves dorsad to just about the level of the medial 
and lateral collateral ligaments. This will anesthetize the 
dorsal branches of the palmar digital nerve. This block 
can he performed with the limb in a full weight-bearing 
position or while the foot is off the ground. These nerves 
supply all the deep structures distal to rhe blocks. The 
pastern field block will also anesthetize some terminal 
branches of the medial and lateral palmar metacarpal 
nerves. The subcutaneous tissue on the palmar surface 
of the flexor tendon should also be infused with 2 to 3 
ml. of local anesthetic. Alternatively, rhe palmar digital 
nerve block at the base of the proximal sesamoid hones 
can accomplish the same thing (Fig, 3.92), 

Palmar Dicitai Nerve Block at ms Proximal Sisa 
moii> Bones (Abaxiai Sesamoid Block). The digital ar¬ 
tery, digital vein, and palmar digital nerve are easily pal- 

E ated at the abaxiai surface of the proximal sesamoid 
one. Elevate the limb by holding the fetlock in the palm 
of the hand and identify the digital vein, artery, and 
nerve. The palmar digital nerve is isolated by rolling it 
away from the artery and vein with the thumb or forefin¬ 
ger. A Vjj-inch (1.58-cm) 25-gauge needle is used to inject 
2 to 3 ml. of anesthetic perineurally. Anesthesia of the 
palmar digital nerves lateral and medial to this level de¬ 
sensitizes all deep structures distal to it. 2 ' The block is 
tested 5 to 10 minutes after injection. 

The block is evaluated via the same techniques that 
were described for the palmar digital nerve block. It is 
common to find that skin sensation still exists over the 



Figure 3.92 Injection sites for local anesthesia A1 and A2, 
sites for pastern field (ring) block; E site for digital nerve block at 
the base of the proximal sesamoid bones; C, site for the navicular 
bursa. Inset, a. plantar digital nerve: <?, lateral and medial dorsal 
metatarsal nerves from the deep peroneal 


dorsal surface of the phalanges. This does not mean that 
the phalanges and all the deep structures are not desensi¬ 
tized, however. The skin sensation is derived from the 
medial and lateral palmar metacarpal nerves. 14 ,s 

Most veterinarians familiar with this block prefer it 
to the pastern field block because it is easier and quicker 
and requires less anesthetic. One criticism of the block 
is that it desensitizes a larger region (including the fetlock 
joint in some cases) than the low pastern field block, 
which is performed just above the collateral cartilages 
of the distal phalanx. For this reason, when no radio- 
graphic lesions can he identified, it might be beneficial 
to perform the field block at a later time. This will be 
more definitive for identifying lesions of the foot and 
middle phalangeal region. 

An alternative to this block is the abaxiai sesamoid 
block, which can be performed at the base of the proxi¬ 
mal sesamoid bones (Fig. 3.92, site it). Because this site 
is more distal, it reduces the risk of blocking out the 
fetlock joint. 

Low Palmar Nerve and Pai mar Metacarpal Nerve 
Blocks (Low Four-Point Block or Four-Point Block 
Above the Fetlock). The next step in localizing a lame¬ 
ness that has not responded to the previous nerve blocks 
is to block the palmar nerves and palmar metacarpal 
nerves at the level of rhe distal end of the second and 
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Figure 3.93 Low tour-point block, a, site for palmar nerve block 
at the level of the distal end of the small metacarpal bones; b, site 
for palmar metacarpal nerve block at the distal end of the small 
metacarpal bones; c, site for mtrasynosnal anesthesia of the fetlock 
joint (needle enters the palmar or plantar recess of the jcunt 
capsule). 


fourth metacarpal bones (Fig, 3.93, sites a and b), The 
lateral and medial palmar nerves lie between the suspen¬ 
sory ligament and the deep digital flexor tendon. Because 
they assume a vein-artery-nerve relationship, these 
nerves are located closer ro the deep digital flexor tendon 
and lie on its dorsal edge. The nerves are relatively deep 
but can be reached in most cases with a 5 / 8 -inch (1.58-cm) 
25-gauge needle, after which 3 ml. of local anesthetic are 
deposited. Again, it is advisable to deposit a small 
amount of local anesthetic as the needle is being re¬ 
tracted. 

This block alone does not completely desensitize the 
fetlock joint. Two additional nerves, the medial and lat¬ 
eral palmar metacarpal nerves, innervate the deep struc¬ 
tures of the fetlock. 4,27,58 These nerves course parallel 
and axial to the second and fourth metacarpal bones and 
are not usually blocked by a field (ring) block at this 
level. A 5 / g -inch (1.58-cm) 25-gauge needle is used to in¬ 
ject 3 mL of anesthetic around these nerves as they 
emerge distal to the ends of the second and fourth meta¬ 
carpal bones (Fig. 3.93, site b ). The nerves are superficial 
at this point and are easily desensitized. 

Both the palmar and palmar metacarpal nerve blocks 
can be performed while the horse is bearing full weight 
or its limb is being supported by the examiner’s hand in 


Table 3.5 SIGNIFICANT STRUCTURES DESENSITIZED 
BY BLOCKING THE PALMAR DIGITAL NERVE AT THE 
BASE OF THE PROXIMAL SESAMOIDS 


AH three phalanges 

Proximal and distal interphalangeal joints 
Lamellar corium and corium of the sole 

Dorsal branches of the suspensory and distal sesamoidean ligaments 
Digital extensor tendon and flexor tendons 


a non-weight-bearing position. Anesthesia of these four 
nerves will effectively desensitize the deep structures of 
the fetlock region (Table 3.5). Some skin sensation may 
be present over the dorsal surface of the fetlock joint as 
a result of the sensory supply from the medial cutaneous 
antebrachial distribution, A ring block at this level will 
remove only skin sensation. Evaluation of the effective¬ 
ness of these blocks should include skin sensation distal 
to it, fetlock flexion if previously painful, and exercise. 
If the horse improves, diagnostic imaging of the fetlock 
region should follow. 

Proximal Palmar Metacarpal Analgesia 

Proximal palmar metacarpal analgesia can be accom¬ 
plished by 1) high palmar and palmar metacarpal nerve 
blocks, 2) a lateral palmar nerve block at the level of the 
middle carpal joint, and 3) a direct infiltration of the 
origin of the suspensory ligament. 

High Palmar and Palmar Metacarpal Nerve Blocks 
(High Four-Point Block). Regional anesthesia of the 
proximal palmar metacarpal region can be achieved with 
the high palmar nerve block performed below the level 
of the carpus and above the communicating branches of 
the palmar nerves in the groove between the suspensory 
ligament and the deep digital flexor tendon. The nerves 
lie under heavy fascia, palmar to the vein and artery, and 
rest against the dorsal, lateral, and medial aspects of the 
deep digital flexor tendon. This block is performed while 
the horse is standing. A %-inch (1.58-cm) 25-gauge 
needle is inserted through the heavy fascia and comes to 
rest in close approximation to the nerve (Figs. 3.94, sites 
a and b and 3.95, sites Al and A2). Then 3 mL of local 
anesthetic are deposited. This is repeated on the opposite 
side. 

The high four-point block will not completely desensi¬ 
tize the deep structures of the metacarpus.' 4 The medial 
and lateral palmar metacarpal nerves innervate the inter¬ 
osseous ligaments of the second and fourth metacarpal 
bones, the interosseous lateralis and media I is muscles, 
and the suspensory ligament (interosseus muscle).' 4,5 ® 
The palmar metacarpal nerves run parallel and axial to 
the second and fourth (small) metacarpal bones, and 
each can be desensitized by infiltration of 3 mL of local 
anesthetic injected between the third metacarpal bone, 
suspensory ligament, and the second and fourth metacar¬ 
pal bones, respectively (Fig. 3.95, sites B t and B2 ). These 
four nerve blocks will effectively desensitize the deep 
structures of the metacarpus, except for the proximal 
part of the suspensory ligament. Horses that become 
sound after this block warrant diagnostic imaging of the 
metacarpal region. 
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Figure 3.94 High four-point block, a and b, needle positioned 
lateral and medial to block the palmar nerves; c, needle positioned 
lor perineural anesthesia of the lateral palmar nerve, The site for 
blocking the palmar metacarpal nerves is not shown; the nerves lie 
in the palmar groove adjacent to the lateral and medial smalt 
metacarpal bones. 


Lateral Pai mar Nerve Block at the Level of the 
Middle Carpal Joint. The lateral palmar nerve origi¬ 
nates at a variable distance proximal to the carpus and 
represents a continuation ot the median nerve plus the 
palmar branch of the ulnar nerve. The lateral palmar 
nerve courses in a dorsolateral direction distal to the ac¬ 
cessory carpal bone and runs along the palmar-distal as¬ 
pect of the accessory metacarpal ligament (Fig. 3.95, site 
D). At the proximal end of fourth metacarpal bone, the 
lateral palmar nerve gives off its deep branch, which de¬ 
taches branches to the origin of the suspensory ligament 
and divides into the lateral and medial palmar metacar¬ 
pal nerves (Fig. 3.95, sites Bt and B2). 

The lateral palmar nerve is anesthetized with 5 ml of 
local anesthetic administered through a 1-inch (2.5-cm) 
22-gauge needle midway between the distal border of 
the accessory carpal bone and the proximal end of fourth 
metacarpal bone on the palmar border of the accessory 
metacarpal ligament (Figs. 3,94, site e, and 3.95, site D). 


D 


Figure 3.9S Palmar view of the carpometacarpal region of the 
left forelimb showing the synovial outpouch ings of the 
carpometacarpal joint (arrows). A1 and A2. sites for injection of the 
palmar nerves; B1 and B2. sites for injection of the palmar 
metacarpal nerves; Cl and C2, sites for direct infiltration of the 
origin of the suspensory ligament; D, site tor injection of lateral 
palmar nerve. 


The needle must penetrate the 2- to 3-mm-thick flexor 
retinaculum of the carpus at this point. 4 If this block is 
used in conjunction with the high medial palmar nerve 
block just distal to the carpus, the deep and superficial 
structures distal to it will be desensitized, including the 
proximal end of the second and fourth metacarpal bones 
and the origin of the suspensory ligament. 

Direct Infiltration oe thl Origin oi the Suspensory 
Ligament. The origin of the suspensory ligament can be 
desensitized by direct infiltration (Fig. 3.95, sites Cl and 
C2). The limb is held wirh the carpus flexed and the 
fetlock extended. A I-inch (2.5-cm), 22-gauge needle is 
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inserted between the attachments of the suspensory liga¬ 
ment and the carpal check ligament. The needle is di¬ 
rected toward the origin of the suspensory ligament, and 
6 mL of anesthetic are injected. Both lateral and medial 
sides are blocked in the same manner. 

One study documented that distopalmar out¬ 
pouch mgs of the carpometacarpal joint are in close prox¬ 
imity to the proximal attachment of the suspensory liga¬ 
ment and the palmar metacarpal nerves in the proximal 
metacarpal region. 2(1 These outpouchings arc located 
axial to the small metacarpal bones and extend a mean 
distance of 1 inch (2.5 cm) (Fig. 3.95, arrows). It was 
conjectured that deep injections at these sites could result 
in desensitization of the carpometacarpal joint and mid¬ 
dle carpal joints.' If this occurred, it would lead to an 
incorrect assumption about the site of the lameness. 21 

The three techniques for proximal palmar metacarpal 
analgesia described above have been evaluated for the 
frequency of inadvertent injection of the carpometacar¬ 
pal.- 1 Ot the three techniques, blocking the lateral pal¬ 
mar nerve distal to the accessory carpal bone at the level 
of the middle carpal joint resulted in significantly less 
(0%) inadvertent injections into the carpometacarpal 
joint. This is my preferred approach, and I rarely find it 
necessary to block the medial palmar nerve. Skin sensa¬ 
tion is not useful for evaluating the effect of the block. 

Ulnar, Median, and Medial Cutaneous Antf.br a- 
chiai. Nerve Blocks, Perineural anesthesia is most fre¬ 
quently used for blocks up to the level of the carpus. 
Above this region, ultra synovial anesthesia is usually 
used. The entire manus (carpus, metacarpus, and digit) 
can be anesthetized, however, by blocking the ulnar, me¬ 
dian, and medial cutaneous antebrachial nerves. This 
procedure can be used to localize a lameness in the shoul¬ 
der and elbow when other blocks have failed. In most 
cases, the examiner should be able to localize the site of 
lameness without the use of these blocks. 

The ulnar nerve is blocked approximately 10 cm 
above the accessory carpal bone on the caudal aspect of 
the forearm (Fig. 3.96, site C). Careful palpation will 
reveal a groove between the flexor carpi ulnaris and ul¬ 
na ris lateralis muscles. A 1.5-inch (3.8-cm) 20-gauge 
needle is inserted through the skin and fascia to the 
nerve. Although the depth of this nerve will vary, it is 
usually about 1 to 1.5 cm below the skin surface. Using 
at least 10 mL of local anesthetic, the examiner can block 
both superficially and deeply in this region, which usu¬ 
ally ensures success. Since the palmar branch of the ulnar 
nerve gives rise to the lateral palmar and palmar metacar¬ 
pal nerves, anesthesia desensitizes the lateral skin of the 
forelimb distal to the injection site down to the fetlock. 
Furthermore, the accessory carpal bone, surrounding 
structures, palmar carpal region, carpal canal, proximal 
metacarpus, and suspensory ligament are partially 
blocked by this technique. 

The median nerve is blocked on the caudal aspect of 
the radius, cranial to the origin of the flexor carpi radialis 
muscle (Fig. 3.96). The site for injection is located ap¬ 
proximately 5 cm distal to the elbow joint, where the 
distal edge of the pectoralis descenders muscle inserts 
in the fascia of the forearm. At this point, the nerve is 
superficial and lies directly on the caudal surface of the 
radius. A 1.5-inch (3.8-cm) 20-gauge needle is inserted 


obliquely through the skin and fascia to a depth of 2.5 
to 3.8 cm. The needle should be kept as close to the 
radius as possible so the median artery and vein, which 
lie caudal to rhe nerve, are not punctured, 2 ' Ten and 20 
mL of anesthetic are injected. Blocking this nerve alone 
accomplishes little more than a medial and lateral palmar 
nerve block. Blocking the median nerve in conjunction 
with the ulnar nerve, however, will effectively anesthe¬ 
tize the most important areas of lameness distal to the 
blocks. 

The two branches of the medial cutaneous antebra¬ 
chial nerve are blocked on the medial aspect of the fore¬ 
arm halfway between the elbow and the carpus, just cra¬ 
nial to the cephalic vein (Fig. 3.96, inset site 62) and |u$t 
cranial to the accessory cephalic vein (Fig. 3.96, inset site 
bl ). The nerve is usually just below the skin; however, its 
location can vary*. It is best to block the subcutaneous 
tissues both cranial and caudal to the cephalic vein. A 
1-inch (2.5-cm) 22-gauge needle is used to deposit 5 mL 
of anesthetic solution. Alternatively, the medial cuta¬ 
neous antebrachial nerve may be blocked as it crosses 
the iacertus fibrosus before it branches (Fig. 3.96, inset 
site 6). Horses that become sound after these nerves are 
blocked warrant a thorough radiographic examination 
of the carpus and associated structures. 

The Hindumb 

If visual observation and manipulative procedures 
isolate the lameness to one hind limb, perineural anesthe¬ 
sia can he used to localize the area of pain. Because the 
neuroanatomy of the limb below the tarsus is somewhat 
similar to that of the forelimb below the carpus, the tech¬ 
niques for perineural anesthesia arc also similar. One 

difference in the neuroanatomv is that lateral and medial 

# 

dorsal metatarsal nerves from the deep peroneal (fibular) 
nerve course over the dorsolateral and dorsomcdial sur¬ 
faces of the third metatarsal bone and digits (Fig. 3.92, 
inset site e). Because of this, it is recommended that addi¬ 
tional anesthetic solution be injected dorsally for plantar 
digital nerve blocks at the pastern and proximal (abaxial) 
sesamoid bones and for the low and high four-point 
plantar nerve blocks. 

Anesthesia of the dorsal metatarsal nerves is accom¬ 
plished by injecting 2 to 3 mL of local anesthetic subcuta¬ 
neously, lateral and medial to the long digital extensor 
tendon. A %-inch (1.58-cm) 25-gauge needle is used. 
Blocking these dorsal metatarsal nerves will effectively 
anesthetize all structures distal to the block (sec the neu¬ 
roanatomy section in Chapter 1). 

Local anesthesia proximal to (above) the metatarsus 
is most frequently accomplished by intrasynovia I injec¬ 
tion of the various joints and bursas. Perineural anesthe¬ 
sia of the tibial and peroneal nerves can be used, how¬ 
ever, to desensitize the tarsal region. The tibial and pero¬ 
neal nerve blocks can also be used to determine if the 
pain from a severe lameness without clinical findings is 
located proximal or distal to the hock region. Horses 
exhibiting subtle lameness are generally not good candi¬ 
dates for tibial and peroneal anesthesia because blocking 
the peroneal nerve affects the horse’s ability to extend the 
digit, making the interpretation of the results difficult.'" 

For work on the hindlimb, proper restraint and body 
positioning are important to prevent bodily harm. In 
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Figure 3.96 Forelimb blocks. A, 
site for median nerve block; B site 
for medial cutaneous antebrachial 
nerve block; C, site for perineural 
anesthesia of the ulnar nerve. Inset, 
a. site for median nerve block; b, 
site for medial cutaneous 
antebrachial nerve block as nerve 
crosses the lacertus fibrosus, which 
blocks both the cranial (th) and the 
caudal (b?) branches. 



most cases, a rwitch is applied, and the handler should be 
standing on the same side as the veterinarian. 1 routinely 
begin diagnostic nerve blocks at the base of the proximal 
sesamoid bones unless I am not sure of foot involvement. 
Then I will begin with the plantar digital nerve block in 
the distal pastern region. The plantar digital nerve blocks 
at the level of the pastern and proximal sesamoid bones 
are best done with the limb extended behind the horse. 
The limb is held in a position similar to that when per¬ 
forming a fetlock and phalangeal flexion test or applying 
a horseshoe. The point of the nock is held fast by cradling 
it with the inside of the arm and axilla. This position 
reduces the ability of the horse to withdraw the limb to 
kick. Nerve blocks done proximal to the basic sesamoid 
block are usually performed while standing close to the 


horse and with the horse's limb on the ground. If the 
horse is prone to kicking, the limb can be held fast by 
grasping the foot, after which the limb is brought for¬ 
ward (similar to performing a spavin test) to perform 
the injection. 10 

Proximal Plantar Metatarsal Analgesia. Diagnostic 
anesthesia of the proximal plantar metatarsal region can 
be accomplished by perineural analgesia of the plantar 
and plantar metatarsal nerves or by direct infiltration of 
the origin of the suspensory ligament. 14 ' However, it is 
recommended that both blocks be done for best results. 
To accomplish this, a 1.5-inch (3.8-cm) 20-gauge needle 
is inserted between the fourth metatarsal bone and the 
superficial digital flexor tendon and directed dorsally to- 
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ward the midline. Six ml. of local anesthetic are injected 
into the region of the origin of the suspensory ligament. 
Usually, minimal injection resistance is encountered. As 
the needle is withdrawn, 3 mL more of anesthetic are 
injected around the lateral plantar nerve, which gives 
rise to the plantar metatarsal nerves. 1 This block may 
occasionally alleviate pain within the tarsal sheath, and 
extension into the tarsometatarsal joint is probably infre¬ 
quent. 10 *^ The fact that local anesthetic sometimes does 
enter these synovial spaces highlights the need for careful 
skin preparation before this block is performed. 1 * 

Tibiai Nerve. The tibial nerve ma> be blocked in con¬ 
junction with the deep and superficial peroneal nerves 
or common peroneal nerve to desensitize the hock region 
and structures distal to it. The site for injection of the 
tibial nerve is approximately 10 cm above the point of 
the hock on the medial aspect of the limb, between the 
Achilles tendon and the deep flexor tendon (Fig. 3.97A), 
When the horse is bearing weight on the limb, the nerve 
lies close to the caudal edge of the deep flexor tendon. 
The nerve can be palpated by unweigh ting and firmly 
grasping the limb cranial to the Achilles tendon with the 
thumb and forefinger. The nerve is felt as a structure 
approximately 6 mm in diameter just caudal to the deep 
flexor tendon. Depending on the horse's temperament, 
tranquilizarion may be necessary; and m most cases, a 
twitch is used. 

The nerve may be blocked bv either standing on the 
lateral side of the limb to be blocked or by standing 
on the lateral aspect of the limb opposite the one to be 
blocked. In the latter case, the examiner must reach 
across the horse to insert the needle. The method selected 
depends on the horse’s disposition and personal prefer¬ 
ence. An area approximately 10 cm above the point of 
the hock its prepared for injection. A %-inch (1.58-cm) 
25-gauge needle is directed through the skin over the 
nerve, and 1.5 to 2.0 mL of local anesthetic arc injected 
intradermallv and subcutaneously. This makes it easier 
for passage of the 1.5-inch (3.8-cm) 20-gjuge needle 
through the skin. When it is obvious that the needle has 
penetrated the fascia enclosing the nerve, 15 to 20 nil. of 
local anesthetic are injected; the needle should be moved 
superficially and deeply and caudally and cranially until 
the region is adequately infused. Blocking the tibiai nerve 
prov ides anesthesia to the plantar tarsus, metatarsus, dis¬ 
tal Achilles tendon, calcaneus, and most of the foot. 10 

Deep and Superficial Peroneal (Fibijiar) Nerves. The 
deep and superficial peroneal nerves are usually blocked 
in conjunction with the tibial nerve for diagnosis of hock 
Lameness or as a “screening" block to determine whether 
the pain causing the lameness is proximal or distal to 
the hock. The location of in jeer ion is just distal to the 
most prominent portions of the muscle bellies of the lat¬ 
eral digital extensor and the long digital extensor in the 
groove formed between these two muscles. This site is 
usually about 10 cm above the point of the hock on the 
lateral aspect of the limb (Fig. 3.97B). The deep peroneal 
nerve lies near the lateral edge of the cranial tibial muscle 
close to rhe tibia. The superficial peroneal nerve lies 
slightly caudal and more superficial to the septum of the 
two extensor muscles. The groove berween these two 


muscles is identified and prepared for injection. A twitch 
for restraint is often used. 

A 5 /g-inch (1.58-cm) 25-gauge needle is inserted 
through the skin in the groove between the two muscles, 
and 1.5 to 2.0 mL of local anesthetic are injected intra- 
dcrmally and subcutaneously to ease the passage of a 
larger needle. After this, a 1.5-inch (3.8-cm) 20-gauge 
needle is passed through the intraderma I bleb in a slightly 
caudal direction. It is inserted until the needle point is 
close to rhe lateral edge of the cranial tibial muscle. To 
block the deep peroneal nerve, 10 to 15 mL of local 
anesthetic are injected on the deep edges of the two ex¬ 
tensor muscles and the lateral border of the cranial ribial 
muscle, close to the tibia. The needle is then retracted, 
and another 10 to 15 mL of local anesthetic arc injected 
more superficially, with the needle being moved cranially 
and caudally to be sure that the superficial peroneal 
nerve is blocked. The depth of the superficial peroneal 
nerve can vary, so the injection should include a region 
0.6 to at least 2,5 cm deep. 

Common Peroneal (Fibular) Nerve. An alternative to 
blocking the superficial and deep peroneal nerves sepa¬ 
rately is to block the common peroneal nerve proximal 
to its division. 1 This can be accomplished by blocking 
the nerve near the origin of rhe long digital extensor 
tendon. The nerve can be palpated at this point, and it 
is anesthetized by using a 1.5-inch (3.8-cm) 20-gauge 
needle to inject 20 mL of anestheric solution. 

Because blocking the peroneal nerve, particularly rhe 
common trunk, affects the ability of the horse to extend 
the limb, care should be taken to avoid injuring the horse 
during the lameness evaluation. Applying a lower limb 
bandage will protect the fetlock from injury if the horse 
knuckles over, and placing rhe horse in confinement until 
motor function returns is recommended. 1 1 

Field Blocks (Ring Blocks) 

Field blocks were commonly performed with palmar 
digital nerve blocks just above the pastern joint, low pal¬ 
mar nerve blocks at the level of the distal end of the 
second and fourth mctacarpal/metatarsal bones, and 
high palmar and palmar metacarpal/metatarsaI blocks 
just below the carpus and tarsus. With a better under¬ 
standing of the neuroanatomy of the structures desensi¬ 
tized with perineural anesthesia, however, there appears 
to be little need for them. Field blocks may be beneficial 
for an auxiliary nerve supply that is not desensitized with 
perineural infiltration and for a low pastern ring block, 
which is more definitive for foot and pastern joint prob¬ 
lems than for perineural anesthesia of the palmar digital 
nerve at the base of the sesamoid. 14 

Direct Infiltration of Sensitive Areas 

Direct infiltration anesthesia can be used anywhere a 
sensitive area is identified. It is most often used at inser¬ 
tions of ligaments and tendons (c.g., the proximal inter¬ 
osseous muscle) and/or at bony prominences (c.g., splints 
or swellings). The region is infused directly with local 
anesthetic. This approach allows the examiner to be 
more definitive regarding a painful region’s contribution 
to the lameness. The amount of local anesthetic adminis- 


Copyrighted material 



168 Adams Lameness in Horses 




Figure 3.97 Blocking the caudal tibia) and deep 
peroneal nerves A A 1.5-inch (3 8-cm) 18-gauge 
needle over the caudal tibial nerve on the medial 
aspect ot the left hindlimb. B. A 2-»nch (5-cm) 18- 
gauge needle between the long and ateral extensors 
of the left hindlimb. This is the site tor blocking the 
deep peroneal nerve. C. Caudal view showing the 
sites—approximately 4 inches (10 cm) above the 
point of the hock—lor the blocks described in panels 
A and B. 


tered depends on the location and dimensions of the area 
involved. 

Intrasynovial Anesthesia 

The use of intrasynovial anesthesia plays an impor¬ 
tant role in the diagnosis of equine lameness. 1 • 2 ** w * 
42 . 44 . 1 *,| ( j s m< j, ca(c d w hen specific synovial structures 
(e.g., joint capsules, tendon sheaths, or bursae) are 
thought to be the cause of the lameness. In many in¬ 


stances. intrasynovial anesthesia below the carpus and 
hock is done after nerve blocks have localized the pain 
to a region but imaging has not identified a specific ab¬ 
normality, If this is the case, the veterinarian must wait 
1 Vi to 2 hours for sensation to return before the affect 
of intrasynovial anesthesia can be evaluated 4 

In a practice in which there is a high incidence of 
joint problems (e.g., racehorses) or when clinical findings 
indicate joint or tendon sheath involvement, intrasyno¬ 
vial anesthesia may be performed first. If the block is 
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effective and eliminates the pain, it suggests that inrrasy- 
novial treatment with an anti-inflammatory may be use¬ 
ful. Because of this, some veterinarians prefer combining 
an anti-inflammatory (c.g., corticosteroid) with the local 
anesthetic to avoid a second arthrocemesis. Although 
this practice is common, the interaction of the local anes¬ 
thetic and a corticosteroid is not completely under¬ 
stood. 68 

Intrasynovial anesthesia is also commonly performed 
in synovial structures above the proximal end of the 
metacarpus and metatarsus. Furthermore, it is more spe¬ 
cific than perineural anesthesia because if the lameness 
is blocked out, it isolates the pain to a specific synovial 
site and usually eliminates the need to consider pertsy- 
novial structures. An exception to this is when regional 
nerves lie close to a synovial outpouching. Such is the 
case when intrasynovial anesthesia of the coffin joint an¬ 
esthetizes the nerves supplying the navicular ligaments 
and bone at the bottom of the foot. 6 ~*' 13,62a Another 
example is when intrasynovial anesthesia of the middle 
and carpometacarpal joints results in analgesia of the 
proximal palmar metacarpal region (proximal attach¬ 
ment of the suspensory ligament). 20 In addition, it has 
been shown that there can be passive diffusion of a local 
anesthetic to a site somewhat remote from the synovial 
cavity. Such is the case when local anesthetic is injected 
into the coffin joint; the local anesthetic desensitizes the 
navicular bursa. M * S1 Nerves that lie close to the site of 
intrasynovial injection may be inadvertently desensi¬ 
tized. For example, when a local anesthetic is injected 
into the tarsometatarsal joint, the lareral plantar nerve 
may be desensitized.'' Also, performing intrasynovial 
anesthesia of the digital sheath from the lateral approach 
may anesthetize the lateral palmar/plantar nerve. 

If the examiner is unfamiliar with the anatomic land¬ 
marks for intrasynovial injection, it is helpful to review 
the relevant anatomy first and then practice on a cadaver. 
This will increase confidence and proficiency in perform¬ 
ing the injection techniques. A more stringent prepara¬ 
tion of the injection site is required for intrasynovial an¬ 
esthesia than for perineural anesthesia. Although no 
appreciable difference has been noted in bactcria-form- 
mg units in clipped and haired skin after 5 minutes of 
preparation with povidone iodine scrub followed by an 
alcohol rinse, 2 ' I still clip the hair overlying the site in 
most instances. Generally, a 2.5- by 2.5-cm area is 
clipped. Clipping the hair also has the advantage of 
marking the site where the injection is to be done. The 
skin preparation is done aseprically, taking at least 5 to 
7 minutes to accomplish. In a retrospective study done 
on 192 horses that presented with septic arthritis/reno- 
synovitis, approximately 22% developed the infection 
as a result or intrasynovial injection. " This is a higher 
incidence than 1 experience in my practice, in which in¬ 
trasynovial injection is commonly done and postinjec- 
cion infection is rare. 

To perform intrasynovial anesthesia, a clean, unclut¬ 
tered, quiet environment is ideal. An experienced helper 
makes the procedure much easier and safer. Proper re¬ 
straint of the horse is required to prevent injury to per¬ 
sonnel involved and to the articular cartilage and to re¬ 
duce the chances of rapid movement causing needle 
breakage. The methods employed to restrain a horse 
largely depend on the animal's disposition. Usually, a 
lead shank or a twitch properly applied by an experi¬ 


enced person will suffice. Be sure always to keep in mind 
that the handler and any observer become your assumed 
responsibility/ 1 Horses that are excitable and difficult 
to manage may require a small dose of tranquilizer to 
help conrrol them. In addition, after appropriate prepa¬ 
ration, injection of 1 to 3 mL of local anesthetic with a 
22- or 25-gauge needle into the structures superficial to 
the joint capsule will reduce the objection to intrasyno¬ 
vial injection with a largcr-gauge needle. 

Careful palpation of important anatomic landmarks 
is done prior to injection to increase success on the first 
attempt. It is also recommended that sterile gloves be 
worn, which not only allows the examiner to palpate 
the landmarks without the risk of contamination or the 
injection site but also allows handling of the needle shaft, 
providing greater control tor needle insertion. The 
arthropuncture should be done carefully yet rapidly. 
Once the needle has penetrated the joint capsule, syno¬ 
vial fluid may be observed draining from the needle nub. 
If this is the case, the synovial fluid is allowed to run 
freely until its ejection pressure is reduced to a slow drip 
or an amount equal to that being injected is removed. 
The syringe is then inserted on the finger-stabilized 
needle hub, and the anesthetic is injected as rapidly as 
possible. 

If synovial fluid is not observed, the veterinarian can 
apply a 3-mL syringe to the needle to create negative 
pressure. If synovial fluid is not retrieved with aspiration, 
it does not mean that the arrhropuncture was not suc¬ 
cessful. To confirm correct needle placement m this case, 
inject a small amount of sterile solurion; if there is little 
or no plunger pressure, the joint was entered. 

Mepivacaine is my choice for intrasynovial anesthesia 
because there is some evidence that it is less irritating 
than lidocaine after intraarticular injection. 1 ’ The joints 
of the forelimbs and hindlimbs where intrasynovial anes¬ 
thesia is used are listed in Table 3.6. 

A period of 10 to 30 minutes is allowed to pass before 
the block is evaluated. Evaluation of the effectiveness 
of the block should include repeating the exercise that 
resulted in the lameness and repeating the manipulative 
test that made the examiner suspicious that this region 
was involved. Remember that structures superficial to 
the joint capsule (tendons, ligaments, and the intracapsu- 
lar subchondral bone) may retain their sensitivity. 1 In a 
study documenting the onset and duration of intraarticu- 


Table 3.6 JOINTS OF THE FORELIMBS AND 
HINDLIMBS WHERE INTRASYNOVIAL ANESTHESIA IS 
USED 

Both limbs 

Interphalangeal joints (pastern and coffin joints) 

Fetlock joint 

Metacarpophalangeal joint (foreiimb) 

Metatarsophalangeal joint (hindlimb) 

Forelimbs 
Carpal joint (knee) 

Cubital joint (elbow) 

Scapulohumeral joint (shoulder) 

Hindlimbs 
Tarsal joint (hock) 

Femorotibial joint (lateral and medial) and lemoropateHar (stifle) 
Coxofemoral joint (hip) 

Sacroiliac joint (rarefy) 
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Table 3.7 TENDON SHEATHS AND BURSAE WHERE 
INTRASYNOVIAL ANESTHESIA IS USED 


Forelimb 
Bicipital bursa 
Carpal synovial sheath 

Digital synovial sheath (metacarpo'metatarsophalangeal region) 


lar mcpivacainc in the horse, Andrccn et al. * found that 
lameness induced by injection of Escherichia coli endo¬ 
toxin in the middle carpal joint was not apparent after 
5 minutes; this lasted for 55 minutes. 

lntrasynovial anesthesia of tendon sheaths and bursae 
is used less frequently but performed in a manner similar 
to that of intrasynovial anesthesia of joints. The tendon 
sheaths and bursae commonly injected are listed in Table 
3.7. 

Thf Forfmmb 

Poootrochlear (Nayicuijui) Bursa. In light of several 
studies that document diffusion of local anesthetic into 
the navicular bursa from injection into the coffin joint, 
it is questionable whether injection directly inu> the na¬ 
vicular bursa is warranted. 18,1 For completeness, 
however, the techniques will be covered. 

The navicular bursa can be entered in one of three 
ways. The injection can be made from the palmar aspect 
of the foot at a point centered between the heel bulbs at 
the base of the digital fossa. First, I mL of local anes¬ 
thetic is deposited in the subcutaneous tissue with a Vg- 
inch (1,58-cni) 25-gauge needle at this site. After 1 to 2 
minutes, a l.5-inch (3.8-cm) 20-gauge needle is intro¬ 
duced at the same site and advanced dorsad on the mid- 
line and parallel to the sole until bone is encountered 
(Fig. 3.92, site C). At this point, the hursa has been pene¬ 
trated. The needle is then withdrawn! siightlv, and 2 to 
3 mL of local anesthetic are injected. 9,4 ,,46,5fi 

In another approach, a 1.5-inch (3.8-cml 20-gauge 
needle is inserted at the lowest part of the depression 
between the heel bulbs. The needle is directed dorsally 
toward the coronet band and inserted to a depth of ap¬ 
proximately I cm before the navicular bone is con¬ 
tacted. 2 ^* 1 

In the third approach, the navicular hursa is entered 
from the lateral side (abaxial position) just proximal to 
the collateral cartilage of the distal phalanx. A 1.5-inch 
(3.8-cm) 20-gauge needle is directed distallv toward the 
opposite heel between the middle phalanx and deep digi¬ 
tal flexor tendon. 26 

Because it easy to pass the needle proximal to the 
navicular bone and enter the coffin joint, radiographic 
or fluoroscopic documentation of the needle's location is 
recommended in all cases before the injection is done. 8,26 

Distal Interphalangeal (Coffin) Joint. The distal in- 
terphalangeal (DIP) joint can he entered in one of three 
ways. The most familiar site of injection is on the dorsal 
surface of the digit, I cm above the coronet and 1.5 cm 
lateral to the midline. A I - to 1.5-inch (2.5- to 3.8-cm) 
20-gauge needle is inserted from a vertical position and 
directed distad, mediad toward the center of the foot at 
an angle, and 90“ to the bottom of the foot to enter the 


coffin joint capsule at the edge of the extensor process 
(Fig. 3.98, site A). I prefer this approach; others prefer 
to enter the joint via a dorsal midline approach 44,68 (Figs. 
3.98, site R, and 3.99, site A). 

If there is some question about entry into the joint, 
the practitioner can direct the needle at a more acute 
angle to the skin and insert until the needle contacts the 
distal end of the middle phalanx. The needle is then 
“walked” distallv until the joint is penetrated. 68 

I prefer to perform these injections while the horse is 
standing; others prefer to inject the joint w hen it is flexed 
in a non-weight-hearing position. 2 4 This can be done by 
picking the limb up, pulling it forward, and resting the 
sole on the knee. A total of 5 ml of local anesthetic is 
injected. 

Difficulties associated w r ith the approach include mild 
hemorrhage and patient movement. Hemorrhage comes 
from penetration of the coronary vascular plexus. This 



Figure 3.98 Dorsal view of the injection sites tor the cottin joint. 
A. dorsal lateral approach; 8, dorsal approach; C. lateral 
approach 
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Figure 3.99 Lateral view of the infection sites for the coffin 
joint. A, dorsal approach; B lateral approach: C, palmar approach. 


can be avoided to a large degree by directing the needle 
distad at 90° to the sole. Proper restraint is required to 
prevent the horse’s movement. In addition, a small 
amount of local anesthetic may be injected with a V*- 
inch (1.58-cm) 2S gauge needle to desensitize the skin 
and subcutaneous tissue (wait 2 to 3 minutes) prior to 
inserting the 20-gauge needle. 

An alternative lateral approach can be done while the 
horse is weight bearing or with the limb held in a non- 
wcight-beartng position. 4 * The site for injection is 
bounded distally by a depression in rhe proximal border 
of the lateral collateral (ungular) cartilage of the distal 
phalanx and proximodors.il l> by the palmar border of 
the middle phalanx (Fig. 3.99, site B). A 1.5-inch <3.8- 
cni) 20-gauge needle is used (Fig. 3.98, site C). The 
needle is directed at a 45° angle to the ground and toward 
the medial weighr hearing hoof surface,"' The depth of 
penetration is 1 to 1,5 inches. Horses generally accept 
this approach readily. 

One study of 8 cadavers and 12 living horses evalu¬ 
ated the specificity of the two injection techniques (dor¬ 
sal and lateral approaches) for entering the DIP joint. 2 
The authors found that contrast material entered the DIP 
joint in 100% of rhe cases injected via the dorsal ap¬ 
proach and in 85% of the cases injected via the lateral 
approach. Note rhat with the lateral approach, only 65% 


of the limbs had contrast exclusively in the DIP joint, 
20% had contrast in the digital sheath, and 5% had 
contrast in the subcutaneous tissues. 

Another approach is palmar (plantar). 24 The needle 
is inserted slightly proximal to the deepest depression of 
the fossa above the heel bulbs and is directed dorsal and 
distal to a point midway between the coronet and toe. 
The position is proximal to the sire for injection of rhe 
navicular bursa (Fig. 3.99, site C). 

Several studies have documented rhat injection of the 
coffin joint with a local anesthetic is not selective and will 
cause analgesia of rhe suspensory and impar ligaments of 
the navicular bone and the navicular bursa.* _IM M u 1 
One study found that injection of the coffin joint caused 
at least partial, and often complete, analgesia of the sole 
dorsal to the apex of the frog. 62b Another study found 
that anesthesia of the coffin joint was more effective in 
alleviating solar pain at the tow region than at the heel 
region. 62 * Both the time after administration of anes- 
thcric and the volume also affected the degree of the solar 
analgesia. The analgesic effect increased with time, and 
10 tnL of anesthetic was more effective than 6 ml. in 
alleviaring pain. 

Proximal Interphalangeal (Pastern) Joint. There are 
three approaches—two dorsal and one palmar/plantar 
(palmaroproximal)—to arthrocentesis of the pastern 
joint. Five ml. of anesthetic solution are injected. 

One dorsal site of injection is on the midline approxi¬ 
mately 0.5 cm dorsal to an imaginary line drawn from 
the medial and lateral eminences of the proximal end of 
the middle phalanx, A 1.5-inch (3.8-cm) 20-gauge needle 
is directed slightly distad and mediad to enter the joint 
capsule underneath rhe extensor tendon (Figs. 3.100, site 
A, and 3.101, site A). 

Another site is dorsolateral. The injection can be done 
while the horse is standing or in a non-weight-hearing 
position with the limb extended and the sole supported 
on rhe knee (my preference). It is accomplished by identi¬ 
fying the palpable condylar eminence of the distohueral 
proximal phalanx. A 1.5-inch (3.8-cm) 20-gauge needle 
is inserted parallel to the ground surface and directed 
underneath the edge of the extensor tendon to enter the 
joint (Figs. 3.100, site B, and 3.101, site B). 

The palmaroproximal approach is accomplished in 
the non-weight-bearing position, A 1.5-inch (3.8-cm) 
20-gauge needle is inserted into the distinct and palpable 
V-shapcd depression formed by the palmar aspect of the 
proximal phalanx dorsally, the distal eminence of the 
proximal phalanx distally, and the lateral branch of the 
superficial digital flexor tendon as it inserts on the pal¬ 
maroproximal eminence of the middle phalanx palmaro- 
disrally 4 *' (Figs. 3,100, site C, and 3.101, site C). My 
experience with this technique, although limited, has 
been favorable. 

Metacarpophalangeal and Metatarsophalangeal 
(Fetlock) Joints. There are several approaches to 
arthrocentesis of the fetlock joint. Arthrocentesis of the 
palmar or plantar recesses (reflections) of the joint cap¬ 
sule can be done with a I-inch (2.5-cm) 20-gauge needle. 
The boundaries for the palmar recess of the fetlock joint 
are the apical border of the proximal sesamoid distally, 
the distal ends of the lateral splint bone proximally, the 
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Figure 3.100 Dorsal view of injection sites for the pastern joint. 
A, dorsal approach; B. dorsal lateral approach; C. palmaroproximal 
approach 

third metacarpal/metatarsal bone dorsatly, and the sus¬ 
pensory ligament palmarly or plantarly (Fig. 3.102, site 
A). When the palmar (plantar) recesses (pouches) are 
injected, it is best to have the horse bearing full weight; 
this increases the distension of the joint capsule, making 
it easier to identify. The needle is centered over the recess 
and inserted from lateral to medial and directed distally 
at a 45° angle to the long axis of the limb until the syno¬ 
vial membrane is penetrated. In the norma! horse, the 
palmar recess appears as a depression, and attempts to 
retrieve synovial fluid or inject substances may be diffi¬ 
cult. The disadvantages of this approach are the possibil¬ 
ity of blood contaminating the synovial fluid sample, 
because the highly vascular synovial membrane is pene¬ 
trated and the prominent highly mobile synovial villi can 
plug the needle, interfering with synovial fluid aspira¬ 
tion. 10 * 41 

Arthrocentesis through the lateral collateral sesa- 
moidean ligament can be done to obtain a Hemorrhage- 



Figure 3.101 Lateral view of injection sites tor the pastern joint. 
A, dorsal; B, dorsal lateral approach; C. palmaroproximal 
approach. 


free synovial fluid sample. The fetlock is flexed to in¬ 
crease the space between the articular surfaces of the 
proximal sesamoid bone and the distal end of 
metacarpus/metatarsus. A 1-inch (2.5-cm) 20-gaugc 
needle is inserted at 90° through the proximal limits of 
the collateral ligament" (Fig. 3.103). This is the ap¬ 
proach I prefer for the hindtimb. 

Alternatively, arthrocentesis of the fetlock joint can 
be done at the dorsal distal end of rhe proximal sesamoid 
bone. The site for arthrocentesis is located in the palpa¬ 
ble depression of the distodorsal aspect of the proximal 
sesamoid hone and the proximopalnur or plantar emin¬ 
ence of the proximal phalanx. The landmarks are the 
distal aspect of the proximal sesamoid bone and rhe col¬ 
lateral scxamoidcan ligament proximally, the proximal 
palmar/plantar eminence of the proximal phalanx dis¬ 
tally, and the digital vein, artery, and nerve palmarly/ 
plantarly. A 1.5-inch (3.8-cm) 20-gauge needle is in¬ 
serted in the depression and directed slightly dorsad (10 
to 20°) and proximad (10°) until the joint is entered (Fig. 
3.102, site fl). To avoid penetration of the digital sheath, 
the needle must be inserted dorsal to t u palmar digital 
artery, vein, and nerve. The advantages to this approach 
arc that the landmarks are easily palpated, synovial fluid 
is easy to obtain, the procedure can be done while the 
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Figure 3.102 Lateral view of injection sites for the fetlock joint 
A, site for the palmar plantar recess; B. site for the dorsal distal 

end of the proximal sesamoid bone. 


horse is standing, and most horses readily tolerate the 
procedure. 65 This is the approach I prefer for the fore- 

iiinb. 

Another site for injection of the fetlock joint is located 
dorsally. The sole of the foot is placed on the knee, which 
provides a moderate degree of flexion of the fetlock. The 
needle is then inserted proximal to the proximodorsal 
limits of the proximal phalanx in an oblique manner, 
either lateral or medial to the extensor tendons, to enter 
the joint (Fig. 3.104). This approach generally causes 
greater discomfort than the other techniques. A total of 
5 to 7 mL of anesthetic is injected. 

Digital Fitxok I lndon Shlath. There are several ap¬ 
proaches for syriovioceatesis of the digital flexor tendon 
sheath. Penetration of the proximolateral pouch can he 
done by using a 1-inch (2.5-cm) 20-gauge needle. The 
needle is inserted I cm proximal to the palmar/plantar 
anular ligament and 1 cm palmar/plantar to the lateral 
branch of the suspensory ligament and directed slightly 
distad until the sheath is penetrated. Alternatively, the 
sheath can he entered axial to the midbody of the proxi¬ 
mal sesamoid bone. 2 ** To accomplish this, the fetlock 
joint is flexed to approximately 225°, and a I-inch {2.5- 
cm) 20-gauge needle is inserted 3 mm axial to the pal pa - 



Figure 3.103 Lateral view of the injection site for the Hexed 
fetlock Joint. The site is through the collateral sesamotefean 
ligament 


hie border of the midbody of the lateral proximal sesa¬ 
moid bone. The needle is directed, at an angle of 45® to 
the sagittal plane, to a depth of approximately 1,5 to 2 
cm. 


Cakpai. Joints. Arthrocentesis of the antebrachiocarpal 
(radiocarpal) and middle (intercarpal) carpal joints can 
be accomplished easily by using one of two approaches. 
Because the carpometacarpal and middle carpal joints 
communicate, anesthetics injected into the middle carpal 
joint will also desensitize rhe carpometacarpal joint. Fur¬ 
thermore, because the carpometacarpal has palmar 
pouches that extend palmarodistal, adjacent to the origin 
of the suspensory ligament (Fig. 3.95), anesthetic in¬ 
jected into the middle carpal joint will desensitize the 
proximal suspensory' ligament and proximal palmar 
metacarpal region. 2 "'-' 

One report identified a failure of intraarticular anes¬ 
thesia of the antebrachiocarpal to abolish lameness asso¬ 
ciated with chip fracture of the distal radius. 64 Nuclear 
medicine was used to identify the region of inflamma¬ 
tion, and radiography was used to document the frac¬ 
ture. Proposed reasons for failure of intraarticular anes¬ 
thesia to abolish rhe lameness included rhe following: 
Intact cartilage found at arthroscopy could provide a 
physical barrier to the penetration of the local anesthetic, 
and innervation to the subchondral bone via the nutrient 
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Figure 3.104 Dorsal view ot the infection site for the dorsal 
approach to the fetlock joint. 



Figure 3.105 Dorsal view of the infection Sites for the carpus 
Needles can enter the antebrachiocarpal joint (A and B) or middle 
carpal joint (C and D) either lateral (6 and D) or medial (A and C) 
to the extensor carpi radtalis tendon. When the lateral site is 
chosen, the lateral digital extensor tendon must be avoided. 


foramen nerve supply may not he reached by the local 
anesthetic. 

With a dorsal approach, the antebrachiocarpal and 
middle carpal joints can he injected, with the carpus held 
in a flexed position to open the carpal joints. The site 
for injection is located in the depression either lateral or 
medial to the extensor carpi radtalis tendon (Fig. 3.105, 
sites A and /i|. If the lateral approach is selected, the 
common digital extensor tendon must he avoided. The 
injection is made with a I -inch (2.5-cm) 20-gauge needle. 
Because the surfaces of the carpal bones are at an angle, 
it is advisable to direct the needle slightly proximad to 
avoid needle penetration of the articular cartilage. After 
removing liberal quantities of synovial fluid, 5 to 7 mL 
of anesthetic are injected. 

Alternatively, a palmarolateral approach with the 
limb bearing weight can be used for arthrocentesis of 
both joints. The landmarks for arthrocentesis of the ante¬ 
brachiocarpal joint are the palmarolateral aspect of the 
radius, proximolateral aspect of the accessory carpal 
bone, and palmarolateral aspect of the ulnar carpal 


bone(Fig, 3.106. site A). A I-inch (2.5-cm) 20- 
gauge needle is inserted in this palpable depression at 
90° to the long axis of the limb, and tin needle is directed 
dorsomedialty. 

Another palmarolateral approach to the antebrachio¬ 
carpal joint is at the midaccessory carpal bone level be¬ 
tween the palpable tendons of the ulna ns lateralis and 
the lateral digital extensor. The needle is inserted in the 
space between the distal lateral aspect of the radius (ves¬ 
tigial ulna) and the proximal lateral aspect of the ulnar 
carpal bone. 44 The palmarolateral approach to the mid¬ 
dle carpal joint can be used if the joint is distended (Fig. 
3.106, site B). With distension, the joint capsule is super¬ 
ficial and protrudes palmar and lateral to the ulnar and 
fourth carpal bones. Injection into this site is done while 
the horse is standing. A 1-inch 2.5-cm) 20-gauge needle 
is used. After liberal amounts of synovial fluid are re¬ 
trieved, 5 to 7 ml. of local anesthetic are injected.* 8 

Ei now Joint. There arc three approaches to the elbow 
joint. In the cranial approach, arthrocentesis is done cra¬ 
nial to the lateral collateral ligament cither while the 
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Figure 3.106 Lateral view of the palmarolateral injection sites 
for the carpal joints. A. site tor the antebrachiocarpal joint; 8, site 
tor injection tor the middle carpal joint. 


horse is standing 11 or while the limb is Hexed and not 
bearing weight.The lateral collateral ligament extends 
across the joint from the lateral cpicondylc of the hume¬ 
rus to the lateral tuberosity of the radius. Both of these 
bony landmarks are easily palpated. The site for injection 
is two-thirds the distance distal, measured from the lat¬ 
eral epicondyle of the humerus to the lateral tuberosity 
of the radius (Fig. 3.107, sire A). A 1.5-inch (3.8-cm) 
20-gauge needle is inserted at a 90“ angle to the skin just 
cranial to the lateral collateral ligament, to a depth of 1 
inch. 31 - 44 

With the cranial approach, it is important to verify 
that the anesthetic is being injected into the joint and 
not into the periarticular tissues cranial to the joint. If 
the anesthetic is injected outside the joint in this location, 
it can anesthetize the distal branches of the radial nerve 
and cause temporary paralysis of the extensor carpi radi¬ 
al is and common digital extensor muscles. This is a prob¬ 
lem, because the horse will not be able to lock its carpus 
in extension and the lameness examination will have to 
be discontinued until sensation returns. If this occurs, 
a polyvinylchloride (PVC) pipe bandage splint can be 
applied to the caudal aspect of the limb from the elbow 
to the ground until the block wears off. 16 

Another site for arthrocentesis of the elbow joint is 
just caudal to the lateral collateral ligament. The same 
landmarks are used as described for the cranial ap¬ 
proach, and a 1.5-inch (3.8-cm) 20-gauge needle is in¬ 
serted at 90° to the skin. In this location, the needle enters 
the bursa of the ulnaris lateralis muscle, which is thought 
to communicate with the elbow joint. One study, how¬ 
ever, found communication between the bursa and the 
joint in only 9 of 24 (37.5%) joints examined.* 0 Because 
of this, I prefer to place the needle more caudal in the 
palpable depression formed by the caudal epicondyle of 



Figure 3.107 Lateral view of ^ 
injection sites for the elbow joint and 
bursa. A. cranial approach; 8, 
caudal to the collateral ligament in 
the palpable notch; C, caudolaterai 
approach, with a 1 5-inch 20-gauge 
needle used, 0. caudolaterai 
approach, with a 3.5-inch spinal 
needle used; E. site for the 
olecranon bursa 
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the humerus the caudal proximal tuberosity of the ra¬ 
dius, and the olecranon process (Fig. 3.107, site B). A 
1.5-inch (3.8-cm) 20-gauge needle is inserted at a 90 w 
angle to the skin. 

An alternative site for arthrocentcsis of the elbow 
joint is caudolatcral . 31 ' h0 In one approach, the palpable 
V-shaped depression in the regional musculature 2.4 to 
3.2 inches (6 to 8 cm) cranial and slightly distal to the 
proximal lateral eminence of the olecranon process is 
the site for arthrocentcsis. A 1.5-inch (3.8-cm) 20-gauge 
needle is inserted at approximately a 45° angle to the 
skin and is directed craniad and mediad to enter the large 
caudolateral joint pouch (Fig. 3.107, site C), 

The caudolateral joint pouch can also be entered from 
a more proximal site. The landmarks are the lateral su¬ 
pracondylar crest of the distal humerus and the most 
proximal point of the olecranon process. 31 A 3.5-inch 
(8.9-cm) 18- to 20-gauge spinal needle is inserted one- 
third the measured distance caudal from the supracondy¬ 
lar eminence to the olecranon and 1 cm proximal to this 
imaginary line. The needle is directed distomedially at a 
45° angle to the long axis of the limb. The needle pene¬ 
trates the triceps muscle before entering the caudolateral 
joint pouch. 31 

Another approach (my preference) is to insert a 3.5- 
inch (8.9-cm) 18- to 20-gaugc needle 3 cm distal to the 
proximal limits of the olecranon process and 2 cm cra¬ 
nial to the palpable lateral eminence. The needle is di¬ 
rected distad and follows the shaft of the olecranon pro¬ 
cess to enter the caudolateral joint capsule (Fig. 3.107, 
site D). 


Olecranon Bursa. The olecranon bursa can be injected 
with a 1.5-inch {3,8-cml 18- to 20-gaugc needle, as 
shown in Figure 3.107, site £. Dircc to > mL of anes¬ 
thetic are injected. This block is rarely done. 1 

Scapulohumeral (Shoulder) Joint. The site for arthro- 

centesis of the shoulder joint is located in the notch 
formed between the cranial and caudal prominences of 
the lateral tuberosity of the humerus. The caudal promi¬ 
nence is the most easily palpated, and with deep finger 
pressure exerted, a notch (depression) 3.5 to 4 cm cranial 
to the caudal prominence can be palpated. This notch is 
not as readily palpable in heavily muscled horses. A 3.5- 
inch (8.9-cm) 18-gauge spinal needle is inserted into this 
notch and directed in a horizontal plain caudomediad 
at a 45 c angle to the body. The joint capsule is entered 
at a depth of 5 to 7 cm. Synovial fluid can usually be 
aspirated, and 10 to 20 mL of anesthetic are injected 
(Fig. 3.108, site A), 

A complication associated with intrasynovial anesthe¬ 
sia of the shoulder joint is temporary anesthesia of the 
suprascapular nerve and paralysis ol the infraspinatus 
and supraspinatus muscles. HiK can occur if local anes¬ 
thetic either diffuses out from the arthropuncture site or 
if the local anesthetic is injected outside the joint capsule. 
For this reason, some veterinarians prefer to use only 10 
ml of local anesthetic to block the joint, hoping that the 
lower volume will be less likely to involve the suprascap¬ 
ular nerve. 3 * 

An alternative site for arthrocentcsis is located just 
proximal to the caudolateral tuberosity 1 to 1.5 cm cra¬ 
nial to the infraspinatus tendon. A 3.5-inch (8.9-cm) 18- 


Figur* 3.t08 Lateral view o< 
injection sites for me shoulder 
region. A, site for the shoulder Joint; 
S, site for the bicipital bursa 
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gauge needle is directed at 90° to the skin, slightly distad 
and mediad, until the joint is penetrated. 

Bicipital Bursa. The cranial prominence of the lateral 
tuberosity of the humerus is palpated as was done for 
the shoulder joint. The site of injection is 3.5 cm distal 
and 7 cm caudal to this prominence. A 3.5-inch (8.9- 
cm) 18 -gauge spinal needle is inserted and directed me- 
diad and proximad for a depth of 3.5 to 5.0 cm. The 
side of the needle shaft should contact bone. 

Alternatively, the distal aspect of the deltoid tuberos¬ 
ity can be palpated and used as a landmark. At 4 cm 
proximal to this site, a 3.5-inch (8.9-cm) 18-gauge spinal 
needle is directed proximomediad to enter the bursa. As¬ 
piration of fluid is usually possible. 2 * Five to 10 mL of 
anesthetic are injected (Fig. 3.108, site B). 

The Hindi imr 

The injection sites for intrasynovial anesthesia of the 
joints below the tarsus are the same as for the fordimb. 

Tarsal (Hock) Joints. Four synovial sacs are associated 
with the tarsal joints: tarsocrural (tibiotarsal), proximal 
intertarsal, distal intertarsal, and tarsometatarsal. Nu¬ 
merous studies have been done to determine the consis¬ 
tency of communication between these joints. The tarso¬ 
crural and proximal intertarsal joints communicate 
consistently and, for intraarticular injection purposes, 
are considered to be one joint. For the distal intertarsal 
and tarsometatarsal joints, reports of communication 
vary from 8 to 38%. ,9,1 ' It has also been determined 
that the proximal and distal intertarsal joints and the 
proximal and tarsometatarsal joints occasionally com¬ 
municate, which could confuse interpretation of intraar¬ 
ticular anesthesia. 35 Because of these findings, it is rec¬ 
ommended that the two distal tarsal joinrs be injected 
separately to ensure that the joints are blocked. 

The tarsocrural sac is the largest joint space and com¬ 
municates with the proximal intertarsal joint. A 1-inch 
(2.5-cm) 20-gauge needle is used to penetrate it at its 
dorsomedial aspect just distal and dorsal to the medial 
malleolus of the tibia and plantar to the cranial branch of 
the medial saphenous vein (Fig. 3.109, site A). If synovial 
effusion is present, the needle is advanced until fluid 
flows readily from the needle. If synovial effusion is not 
present, the needle is carefully advanced until the nonar- 
ticular surface of the talus is contacted.** Generally, 20 
ml. of local anesthetic are injected, which will desensitize 
the tarsocrural and the proximal intertarsal joints. 

The site for injection of the distal intertarsal joint is 
on the medial surface of the tarsus. An imaginary line 
can be drawn between the palpable distal tubercle of the 
talus and the space between second and third metatarsal 
bones at their proximal limits. 59 A small depression is 
often felt just distal to the cunean tendon along this imag¬ 
inary line. A Vinch (1.58-cm) 25-gauge or a 1-inch (2.5- 
cm) 22-gauge needle is directed perpendicular to the long 
axis of the limb and slightly caudal to enter the joint 
space between the combined first and second tarsal 
bones and the third and central tarsal bones. The needle 
is advanced to about 0.5 inch (1.25 cm), and 5 ml, of 
local anesthetic arc injected 59 (Fig. 3.109, site B). 

The tarsometatarsal joint is best approached from the 
plantarolatcral aspect of the tarsus. The site for injection 



Figur* 3.109 Medial view of injection sites for the tarsal joints. 
A. srte for the tarsocrural joint; 8, site for the distal intertarsal join!; 
C, site for the cunean bursa. 


is the proximal head of the fourth metatarsal bone. A I- * 
to 1.5-inch (2.5- to 3.8-cm) 20- or 22-gaugc needle is 
inserted 0.5 to 1 cm proximal to the fourth metatarsal 
bone and is directed in a dorsal and slightly distomcdial 
direction to enter the space berween the fourth metatar¬ 
sal and the fourth tarsal bone 42,6 * (Fig. 3.110). One 
study investigating injection techniques of the equine tar¬ 
sus found that contrast injected into the tarsometatarsal 
joint from the plantarolareral approach extended around 
the tendons or the tibialis cranialis and fibularis tertius 
in 18 of 20 limbs injected and that some contrast entered 
the tarsal sheath in 7 of 20 limbs. 19 

An alternative, but more difficult, approach to the 
tarsometatarsal joint is similar to that used to inject the 
distal intertarsal joint. The site for injection is approxi¬ 
mately 0.5 inch distal to the medial approach for the 
distal intertarsal joint. A %-inch (1.58-cm) 25-gaugc 
needle is used. Five mL of local anesthetic are injected. 

Cunean Bursa. The cunean bursa is located on the me¬ 
dial surface of the hock and lies between the medial col¬ 
lateral ligament and the medial branch of the tibialis cra¬ 
nialis (cunean) tendon. A 1-inch (2.5-cm) 22-gauge 
needle is inserted under the distal border of the cunean 
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Figure 3.110 Lateral view of the injection site for the 
tarsometatarsal joint. 


tendon, and 5 to 7 niL of local anesthesia are injected 22 ' 23 
(Fig. 3.109, site C). 

Genual (Stifle) Joint. The stifle joint is made up of 
three synovial compartments: femoropatellar, lateral 
femorotibial, and medial femorotibial synovial sacs. 
Contrast studies have shown that the frequency of com¬ 
munication between the femoropatellar and medial fem¬ 
orotibial joints is 60 to 65%. 1 11 The communication, 
however, is not reliable and appears to depend on the 
direction of flow of the injectable agent, amount of joint 
inflammation, and anatomic variation. Communication 
between the femoropatellar and medial femorotibial 
joints is observed more frequently when the medial fem¬ 
orotibial joint is injected than when the femoropatellar 
joint is injected. Communication between the femoropa¬ 
tellar and lateral femorotibial joints occurs rarely, and 
communication between the lateral and medial femoro¬ 
tibial joints has not been observed. 33 With inflammation 
it is likely that these openings become occluded. To en¬ 
sure accurate distribution of the local anesthetic, each 
synovial compartment should be injected separately. 56 

The femoropatellar joint is the largest of the compart¬ 
ments and can be entered in one of three ways. It can 
be easily entered either lateral or medial to the middle 
patellar ligament. A 3.5-inch (8.9 cm) 18-gauge needle 
is inserted approximately 3 cm proximal to the tibial 
crest and is directed dorsad underneath the patella in the 
trochlear grove (Fig. 3.111, site A). For this approach 
to be successful, the limb should be in a partial weight¬ 
bearing (slightly flexed) position. 

The femoropatellar joint can also In* entered just distal 
to the apex of the patella on either side of the middle 
patellar ligament 6 * (Fig 3.112, site .i). A 1.5-inch (3,8- 


Flgure 3.111 Lateral view of 
injection sites for the femoropatellar 
(stifle) joint. A, site for lemoropatellar 
joint, with a 3 5-Inch spinal needle 
used; B . site for the lateral approach 
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Figure 3.112 Cranial view of tfte injection sites for the stifle 
joint, a, needle inserted medial to the middle patellar ligament to 
enter the femoropatellar joint capsule: to. needle positioned just 
caudal to the lateral patellar ligament to enter the lateral sac of the 
lemorotitNa! joint capsule; c, needle positioned to enter the medial 
sac of the femorotibial joint capsule. 

cm) 18-gauge needle is directed at right angles to the 
skirt. The joint capsule is superficial at this location, and 
the needle is advanced until the articular surface is con¬ 
tacted. This approach can he done with the horse bearing 
full weight. In cases in which obvious joint capsule dis¬ 
tension exists, synovial fluid can be drained or aspirated. 
On the other hand, when the capsule is not distended, 
little fluid can be retrieved. Joint penetration is ensured 
when there is little resistance to injection. 

The femoropatellar joint can also be entered via a 
lateral approach 29 (Fig 3.111, site B ), which can be done 
with the horse weight bearing. The lateral cul-de-sac of 
the femoropatellar joint pouch is palpated caudal to the 
lateral trochlea and the lateral patellar ligament, approx¬ 
imately 5 cm proximal to the lateral condyle of the tibia. 
A 1.5-inch (3.8-cm) 18-gauge needle is inserted into the 
recess, perpendicular to the long axis of the femur, until 
the nonarticular portion of the lateral trochlea is con¬ 
tacted. The needle is withdrawn 1 to 2 mm before injec¬ 
tion. Synovial fluid can be retrieved in most cases, and 
the approach is usually well tolerated. Generally, 20 ml. 
of anesthetic solution arc injected. 

The site for injection of the medial femorotibial joint 
is located in the space between the medial patellar and 


medial collateral ligaments (Fig. 3.112, site c).'* The vet¬ 
erinarian may approach this joint for arthrocentesis from 
the same side or from the opposite side and reach under 
the horse’s belly to visualize the injection site directly 
(my preference). A 1.5-inch (3.8-cm) 18- to 20-gauge 
needle is inserted between the ligaments, I cm proximal 
to (he tibia and directed perpendicular to the long axis 
of the limb in a slightly cranial direction. The medial 
meniscus will be contacted (penetrated) if the needle is 
directed lateral or caudolater.il or if it is inserted too 
close to the proximal tibia. * 1 ’** 

An alternative site for injection is cranial and just 
proximal to the tibia in a space between the medial and 
middle patellar ligaments. A 3.5-inch (8.9-cm) 18-gauge 
needle is inserted from cranial to caudal to a depth of 4 
to 6 cm. Then 20 mL of local anesthetic solution are 
injected. 

The site for injection of the lateral femorotibial joint 
is just caudal to the edge of the lateral patellar ligament 
(Fig. 3.112, site b). The horse will have to be pulled into 
weight bearing to palpate the ligament. A 1.5-inch (3.8- 
cm) 18- to 20-gauge needle is inserted 1 cm proximal to 
the tibia at right angles to the long axis of the femur and 
directed from lateral to medial to enter the joint. 

An alterative approach is to insert the needle just 
proximal to the tibia in the space between the lateral 
collateral ligament of the femorotibial joint and the ten¬ 
don of origin of the long digital extensor tendon. The 
needle is inserted slowly until the joint capsule is entered. 
Deeper insertion will result in penetration of the menis¬ 
cus and a painful response. 

A third approach is to inject the large diverticulum 
beneath the long digital extensor tendon at the proxi- 
molatcral limits of the tibia. This diverticulum is in direct 
communication with the lateral femorotibial joint. 

A fourth approach is cranial and just proximal to the 
tibia in the space between the middle and lateral patellar 
ligaments. A 3.5-inch (8.9-cm) IK-gaugc needle is in¬ 
serted from cranial to caudal to enter the joint. Gener¬ 
ally, 20 mL of local anesthetic solution are injected. 

All three joints can he injected from one site with a 
3.5-inch (8.9-cm) 18-gauge spinal needle. The site for 
injection is cranial between the lateral and middle patel¬ 
lar ligaments, 1,5 cm proximal to the tibia. First, a I -inch 
(2.5-cm) 22-gauge needle with 3 mL of local anesthetic is 
used to block the skin and subcutaneous tissues. Then, 
a 3.5-inch (8.9-cm) 18-gauge spinal needle is inserted 
and directed toward the medial femorotibial joint; 20 
mL of local anesthetic are injected (Fig 3.113, site A). 
The needle is then withdrawn to the subcutaneous tissue 
and redirected to the lateral femorotibial joint; another 
20 mL of anesthetic are injected (Fig. 3.113, site H), The 
needle is again withdrawn to the subcutaneous tissue and 
redirected proximal under the patella in the trochlear 
groove (Fig. 3.113, site C); the stifle must be slightly 
flexed to accomplish this. Another 20 mL of anesthetic 
are injected. 

Trochanteric Bursa. The trochanteric bursa is located 
beneath the tendon of insertion of the gluteus accessorius 
(middle gluteal muscle) on the cranial portion of the 
greater trochanter of the femur. The bursa covers the 
majority of the greater trochanter, which is covered with 
cartilage. The site for injection is the most proximal as- 
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Figure 3.113 Dorsal view of the injection sites for the stifle 
joint A, site for the medial femorotibiaJ joint, with a spinal needle 
used; 8, site for the lateral femorotibial joint, with a spinal needle 
used; C. lateral approach to the femoropatellar joint. 


pect of the palpable bony eminence of the cranial summit 
of the greater trochanter, A 1.5-inch (3.8-cm) 1S-gauge 
needle is usually all that is needed, although a longer 
needle may sometimes be required for larger Warmblood 

horses. 2 ” 

The needle is inserted and directed horizontally at 
right angles ro the sagittal plane until bone is encoun¬ 
tered. Seven to 10 ml, of anesthetic are injected. Because 
the bursa lies directly lateral over the cranial portion of 
the cartilage-covered trochanter major under the tendon 
of the gluteus medius, an alternate method whereby the 
needle is directed mediad through the middle gluteal 
muscle directly over the bursa toward the trochanter can 
be employed. Anesthetic injection is made when the 
needle contacts bone. 

Cox off-moral (Hip) Joint The coxofemoral joint is one 
of the most difficult joints to inject. 36,41 This is particu¬ 
larly true in a heavily muscled horse. The horse should 
be standing squarely and be restrained within stocks. 
Mild sedation is often advised because any movement 
of the horse during the injection procedure may lead to 
bending or breaking of the needle. At the proximal end 



Figure 3.114 Lateral view of the injection site for tlse 
coxofemoral joint. The needle is inserted in the trochanteric notch, 
directed at a 45 angle with the long axis until the coxofemoral 
joint is penetrated. 


of the femur, the most prominent bony landmark that 
can he palpated laterally is the greater trochanter. The 
trochanter is located about three fourths the distance be¬ 
tween the tuber coxae and the tuber ischii and is divided 
into the greater (caudal) and lesser (cranial) proruber* 
anccs. with the trochanteric notch between them. Deep 
palpation in a relaxed patient will usually allow identifi¬ 
cation of the protuberances, but the cranial part can he 
difficult to feel in heavily muscled horses. When the pro¬ 
tuberances cannot be palpated, attempts to inject the 
joint should be avoided. 

The site for injection is located at the caudal aspect 
of the lesser protuberance and t cm dorsal to it. A small 
bleb of local anesthetic is injected subcutaneously over 
the injection site, A 6-inch (15.2-crn) 16-to 18-gauge 
spinal needle is inserted in the site and directed in a hori¬ 
zontal plane slightly cranial and slightly distal. Be sure 
the needle stays close to the femoral neck. As the needle 
approaches full penetration, i.e., 11 to 12.5 cm, firm 
fibrous tissue is felt just before entry into the joint cap¬ 
sule, Synovial fluid is retrieved, and 10 to 15 ml. of anes¬ 
thetic arc injected (Figs. 3.114 and 3.115). 


Diagnostic Imaging 

Imaging techniques commonly used in making a diag¬ 
nosis, formulating a prognosis, and evaluating the 
progress of healing include radiography , ultrasonogra¬ 
phy, and nuclear medicine (scintigraphy). These modali- 
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Figure 3.1 IS Overhead view of the injection site for the 
coxofemorai joint. The needle is inserted just caudal to the greater 
trochanter and directed at a 45 angle to enter the joint. 

tics arc available at most referral facilities. Thermogra¬ 
phy is also available at some centers, but it is still not 
widely used. Computed tomography has shown great 
promise for imaging the head, neck, and distal extremi¬ 
ties. Unfortunately, a special table is required to image 
horses over 300 pounds. Magnetic resonance imaging 
has also shown great promise as a method of imaging 
the extremities. Presently, it is being used as a research 
tool for horses. Portable units are currently being evalu¬ 
ated (for more information, sec Chapter 4). 

Angiography 

Angiography is a technique whereby radio-opaque 
material is injected into an artery or vein to evaluate 
blood I low patterns to the musculoskeletal or other 
organ systems. The distribution of the dye is monitored 
by single, serial, or fluoroscopic radiography. This tech¬ 
nique allows identification of anatomic alterations and 
their causes.' ' Horses are most frequently put under gen¬ 
eral anesthesia, and the most accessible artery is identi¬ 
fied. After aseptic preparation of the area over the vessel, 
the vessel is catheterized either by percutaneous puncture 
or after surgical cutdown. Then, 20 ml. (for a 450-kg 
horse) of angiographic contrast material is injected over 
a 2- to T second period. Radiographs are taken 2 to 4 
seconds after injection is complete. This technique may 
he of value in diagnosing alterations in blood supply to 
the horse’s limb resulting from trauma (wire cuts) and 
laminins. 

Infrared Thermometer 

A portable infrared thermometer that allows the ex¬ 
aminer to conveniently record the body surface tempera¬ 


ture of the horse is available. It converts the infrared 
radiation energy to electrical signals that are amplified 
and displayed on a temperature dial. 48 * 4 ** Temperature 
measurements are obtained by aiming the instrument tip 
at the area of interest and simply pulling the trigger. Al¬ 
though this appeared to have some appeal when it was 
first introduced, the instrument is not commonly used. 

Arthroscopy 

The value of and technique for arthroscopy arc dis¬ 
cussed in Chapter 7. 

Gail and Force Analysis 

Telemetric Strain Measurements 

In vivo telemetric strain measurements can lie made 
by surgically implanting an electrical-resistance strain 
gauge on the surface of a hone, tendon, or ligament, 
h'rom this, strain measurements arc recorded with a wire¬ 
less telemetric system.** The technique allows the inves¬ 
tigator to evaluate a horse’s movement at fast gaits and 
during progression over various obstacles. This tech¬ 
nique has provided important information regarding the 
pathogenesis of fractures and the best orientation for 
application of internal fixation devices for fracture re¬ 
pair. It has also been useful for documenting strain mag¬ 
nitudes applied to tendons and ligaments during move¬ 
ment. 

The strain gauges have also been applied to the outer 
surface of hoof walls to directly evaluate the hoof wall 
elasticity and indirectly evaluate the amount of compres¬ 
sion, 1 ’ Telemetry has also been employed with ergomet- 
ric measurements of joint flexion angles. In this case, 
electrogoniometers (Hlgons) are centered over the joint 
to he evaluated and then taped into position. The tech¬ 
nique is used most frequently in research facilities and 
has little practical value for the practicing veterinarian. 

Cinematography and Videography 

Cinematography with a high-speed camera and high¬ 
speed videography can he used to record the horse’s 
movement at various gaits. I2 * 52 *‘ n Anatomic landmarks 
are usually identified on the limb, and the horse is exer¬ 
cised either on a level surface over a known distance or 
over obstacles. The high-speed camera can he arranged 
perpendicular to the course so that the field of view cov¬ 
ers the entire course. Additional cameras can he placed 
at the beginning and end of the course to record move¬ 
ments, providing a three-dimensional analysis. Or the 
camera can be mounted on a camera car that moves with 
the horse. 

For gait analysis, a maximum speed of 500 frames/ 
second is adequate. 1 ' The analysis consists of plotting 
the position of each marked anatomic site for each frame 
through a complete stride. With this, the stride length 
and rate, height of fool flight arc, limb displacement, 
range of motion, acceleration, and linear and angular 
velocities can he determined/' The advantage of high¬ 
speed videography is immediate viewing. 
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Electrogoniometric Analysis 

An electrogoniometer (Elgon) is used to measure the 
variation in joint angles during locomotion, providing a 
permanent record (goniogram). The Elgons are attached 
to the limbs, and flexion and extension movements are 
recorded as upward and downward displacements. This 
technique has been used to evaluate the movements of 
normal and pathologic joints quantitatively and qualita* 

tively; if performed properly, it is accurate to within 1® 

/ ^ 2 $2 11 # 
of movement* 

Elgons are centered and fixed in place by taping them 
over the center of the joint to be evaluated; the wire leads 
are attached to the saddle. An oscillographic recording 
can be obtained from extension leads from the saddle to 
the recorder or by an FM tele metric method. A major 
advantage of telemetric measurement is that it allows for 
unrestricted movement of the horse while recording. 

The advantages of clectrogoniomctry arc the simul¬ 
taneous recordings of joint movement, amplitude, stride, 
angular velocity, acceleration, and total stride time. The 
disadvantages are that without telemetry, clectrogoni* 
ometry is limited to evaluation at a walk and a trot and 
that when Elgons are positioned above the carpus and 
hock, errors in recording can result from skin movement. 
Goniograms arc somewhat difficult to interpret and do 
not allow direct visualization of the horse during move¬ 
ment. A combination of clcctrogoniometry and cinema¬ 
tography has been used successfully for evaluation of 
subtle lameness. 

Hoof Force Measurements 

Hoof force measurements can be made with force 
plates placed in the ground or with instrumented 
shoes. 1 - ■' : The force transducer in common use consists 
of force plates that are embedded in the ground. As the 
hoof strikes these force plates, the deformation caused 
by the weight is converted to strain measurements. Strain 
is recorded as a percent of body weight in vertical, cra¬ 
nia), caudal, horizontal, lateral, and medial directions. 
Vertical forces result from the body weight during the 
support phase of the stride. Lateral and medial strain 
forces result from hoof impact, rotary motion of the 
limb, and direction of travel. The disadvantages include 
infrequent hoof strikes, insufficient resiliency, and slow 
speed of response. In addition, some horses avoid strik¬ 
ing the plate even when the surface is camouflaged. Sev¬ 
eral instruments have been developed to overcome the 
disadvantages of the force plates. 

R«f*r»nc«s 

1, Adams OR, t-amcncss in Horsey, 3rd ed, Philadelphia: Lea & Fcb- 
igrr, 1974. 

2. Adrian M, cr al. Elcctrogonioinctric analysis of equine metacarpo¬ 
phalangeal joint lameness. Am J Vet Res 1977;38:431, 

3, Andreen DS, Trumble TN. Caron JP, et al. Onset and duration of 
intra-articular mepivacaine in the hone. Proc Am Assoc Equine 
Pract 1994:40:151. 

4. Berman C< VI. t he clinical diagnosis of lameness. Com Educ I 988; 
10:209. 

J, Bell BTL, et al. In vivo investigation of communication between 
the distal intertarsa) and tarsometatarsal joints m horses and pon¬ 
ies. Ver Surg 1993;22:289-292. 

6. Bow Iter RM, Linder K, Van Wulfcn KK, et al. Distribution of 
local anesthetics injected into the distal truer phalangeal joint and 


podorrochlcar bursa: An experimental study. Pferdchilkunde 1996; 
12:609-612. 

7. Bowker RM, Rockershouscr SJ, Vex KB, et al. Immunocylochcrm- 
cal and dye distribution studies of nerves potentially desensitized 
by injections into the distal intcrphalangcai joint or the navicular 
bursa of horses. J Am Vet Med Assoc 1993;203:1708-1714. 

8. Bowker RM, Van Wulfen KK, Greittz DJ, Konsclcctivity of local 
anesthetics injected into the distal intcrphalangcai joint and navicu¬ 
lar bursa. Proc Am Assoc Equine Pract 1995;41:240-242. 

9. Bondage LR, Gabel AA, Hacketr RP. Avulsion fractures of the 
origin of the suspensory ligament in the horse, j Am Vet Med Assoc 
1980;176:1004. 

10. Carter GK. Hogan PM. Use of diagnostic nerve blocks in lameness 
evaluation. Proc Am Assoc Equine Pract 1996;42:26-32. 

11. Churchill EA. The methodology of diagnosis of hind leg lameness, 
Proc Am Assoc Equine Pract 1979;25:297-304. 

12. Clayton HM. tncomonon. In: Jones WK, Ed. Equine Sports Medi¬ 
cine. 1st ed. Philadelphia: Lea 6c Frbtger, 1989:49-163. 

13. Day IX, Skarda RT. The pharmacology of local anesthetics. Vet 
Clin North Am Equine Pract |99l;7:489. 

14. Derkscn EJ. Diagnostic local anesrhesia of the equine front limb. 
Equine Pract I980;2:41. 

15. Dyson S, Comparison of responses to analgesia of the navicular 
bursa and intra-articular analgesia of the distal interphalangcaJ 
joint in 102 horses. Proc Am Assoc Equine Pract 1995;41: 
234-239. 

16. Dyson S. Lameness due to pain associated with the distal sorer pha¬ 
langeal joint: 45 cases. Equine Vet J 1991;23:128-135. 

17. Dyson 8. Problems associated with rhe interpretation of the results 
of regional and in traarticular anesthesia of the horse. Vet Rev 1986; 
118:419-422. 

18. Dyson S. Suspensory ligament desmius. Vet Clin North Am 1995; 
11:177-214. 

19. Dyson S, Romero JM. An investigation of injection techniques for 
local analgesia of the equine disral tarsus and proximal metatarsus. 
Equine Vet J 1993,25:30-35. 

20. Ford TS,eta). Communication and boundaries of the middle carpal 
and carpometacarpal joints in horses. Am J Vet Res I988;49; 
2161-2164. 

21. Ford TS, Ross MW, Orsini PG, A comparison of methods of proxi¬ 
mal palmar metacarpal analgesia in horses. Vet Surg 1989; 18; 
146-150. 

22. Gabel AA. Diagnosis, relative incidence, and probable cause of 
cunean tendon bursiris-tarsins of Srandardbrrd horses. J Am Vet 
Med Assoc 1979;175:1079-1085. 

23. Gabel AA. I a. toe ness caused by inflammation of the distal hock. 
Vet Clin North Am large Anim Pract 1982,2:101. 

24. Goodman NL» Baker BK. I aimcness diagnosis and treatment in the 
Quarter Horse racehorse. Vet Clin North Am 1990;6:85-108. 

25. (kmhal NG. Nervous system. In: Cretry R, Ed. Anatomy of Domes¬ 
tic Animals. 5th ed. Philadelphia: WB Saunders, 1975;665-668. 

26. Grant BD. Bursal injections. Proc Am Assoc Equine Pract 1996; 
42:64-68. 

27. Gray BW, et at. Clinical approach to determine the contribution 
of the palmar and palmar metacarpal nerves to the innervation of 
the equine fetlock joint- Am J Vet Res 1980;41:940. 

28. Hague BR, Honnas CM, Simpson RB, Petoso JG. Evaluation of 
skin Bacterial flora before and after aseptic preparation of dipped 
and nonclippcd arthrocentcsis sites. Proc Am Assoc Equine Pract 
1995;41:54-55, 

28a. Hassel DM, Stover SM, Yarbrough TB, ct al: Palmar-plantar axial 
sesamoidean approach to the digital flexor sheath in horses, j Am 
Vet Med Assoc 2000^17-1343-1347. 

29. Hendrickson DA, Nixon AJ. A lateral approach for synovial fluid 
aspiration and joint injection of the femoropacellar joint of rhe 
horse. Equine Vet J 1992;24:397-398. 

30. Hogan PH, 1 forma* CM, Carter KG. Arthrocentcsis and joint injec¬ 
tion techniques in horses: Articulations of the lower limb. Vet Med 
1996;91;U11-1118. 

31. Hogan PM, Honnas CM, Carter GK. Arthroccntrsis and joint in¬ 
jection techniques in horses: Articulations of the upper limb. Vet 
Med 1997;38:70-74. 

32. (rffcon l.B. Diagnosis of hack problems in the horse. Cont Educ 

1981^3:134. 


Copyrighted material 



Chapter 3 Examination for tameness 183 


33. Keegan KG, Wilson DA, Kreeger JM, ct al. Local distribution of 
mepivacaine after distal interphalangeal joint injection in horses. 
Am J Vet Res 1996*57:422-426. 

34. Kielv RG, McMutlan W. lateral arthrocentesis of the equine car* 
pus. Equine Pract 1987;9:22-24, 

35. Kraus-Hanscn AF„ Jann HW, Kerr DV.ct al. Arthrographic analy¬ 
sis of communication between the tarsometatarsal and distal in- 
tertarsal joints of the horse. Vet Surg 1992;21:139-144. 

35a. lane Faster J, Watkins Jl 1 , Stephens St er al; Effects of regional 
anesthesia on experimentally induced coffin joint synovitis. Am 
Assoc Equine Pract 2000;46:214-216. 

36. lewis RD. Techniques for arthroccmesit of equine shoulder, 
elbow, stifle and hip joints, Proc Am Assoc Equine Pract I996;42: 
55-63. 

37. Mackty-Smith MP, et al. Carpal canal syndrome in horses. | Am 
Vet Med Assoc 1972;!60:93. 

38. May SA, Wvn-Jones G. Identification of hindleg lameness. Equine 
Vctj 1987;19:185-188. 

39. Merriam JG. Hind limb lameness in the dressage horse. Proc Am 
Assoc Equine Pract 1986;32;669-676. 

40. Miller SM, Stover SM. Palmaroproximal approach for arthroccnt- 
esis of the proximal interphalangeal joint in the horse. Equine Vet 
| 1996;28:376-380. 

41. Misheff MM, Stover SM. A comparison of two techniques for 
arthrocentesis of the meta carpophalangeal joint. Equine Vet J 
1991;23:273-276. 

42. Moyer W. A Guide to F.quinc Joint Injections. Lawrenccvilie, NY: 
Veterinary Learning Systems, 1993. 

43. Moyer W, Anderson JP. Sheared heels: Diagnosis and treatment. 
J Am Vet Med Assoc I975;166:53. 

44. Moyer W, Carter GK. Techniques to facilitate intra-articular injec¬ 
tion of equine joints. Proc Am Assoc Equine Pract 1996;42:48-54. 

45. Moyer W, Ford TS, Ross MW, Proximal suspensory dcsmim. Proc 
Am Assoc Equine Pract 1988;34:409. 

46. Nvack H, et al. Osteochondrosis of the shoulder joint of the horse. 
Cornell Vet 19«|;?1:149. 

47. Nyrop KA, Coffman JR. DeBowes RM, Booth LC. The roll of 
diagnostic nerve blocks in the equine lameness examination. Com 
Educ 1983;12:669-676. 

48. Palmer SE. Use of the infrared thermometer as a means of measur¬ 
ing limb surface temperature in the horse. Am ] Vet Res I981;42: 

105. 

49. Palmer SE, Use of the portable infrared thermometer in equine 
practice. Proc Am Assoc Equine Pract 1980:26:327. 

50. Pleasant RS, Baker JB, Muhlhaucr MC, ct al. Stress reaction and 
stress fractures of the proximal palmar aspect of the third metacar¬ 
pal bone in horses: 58 cases (1980-19901. J Am Vet Med Assoc 
1992;201:1918-1923. 

51. Pleasant RS, Moll HD, Leg W'B, et al. Intra-articular anesthesia of 
the distal interphalangeal joint alleviates lameness associated with 
the navicular bursa in horses. Vet Surg 1997;26:137-140. 

52. Rarztaff MH. Cinematography, electrogoniometry, thermography 
and dvnamography. In: Mansmann RA, McAllister EJ, Eds, Equine 
Medicine and Surgery. 3rd cd. Santa Barbara, CA: American Veter¬ 
inary Publications, 1982;954. 

53. Ratzlaff MH. et al. Evaluation of equine locomotion using electro* 
goniometrv and cinematography: Research and clinical applica¬ 
tion. Proc Am Assoc Equine Pract 1979;25:381. 

54. Reeves M, Trotter GW, Kamcr R. Anatomic and functional com¬ 
munications between the synovial sacs of the equine stifle joint. 
Equine Vet J 1991;23;2I5-218. 


55. Rooney JR. Biomechanics of Lameness in I lorses. Baltimore: Wil¬ 
liams & Wilkins, 1969, 

56. Rose R|, Fraucnfcldcr HC. Arthrocentesis in the horse. Equine Vet 
J 1982; 14:173. 

57. Ross M, Ford T, Orsim P, Incomplete longitudinal fracture of the 
proximal palmar cortex of the metacarpal bone in horses. Ver Surg 
1988;17:82-86. 

58. Sack WO. Nerve distribution in the metacarpus and front digit of 
the horse. J Am Vet Med Assoc I975;l67:298. 

59. Sack WO, Orsini PG. Distal inrertarsal and tarsometatarsal joints 
in the horse: Communication and injection sites. J Am Vet Med 
Assoc 1981;179:355. 

60. Sams AE, Honnas CM, Sack WO, Ford TS. Communication of the 
ulnaris lateralis bursa with the equine elbow joint and evaluation of 
caudal arthrocentesis. Equine Vet J 1993;25:130-133. 

61. Schmoczer WB. Timm Kl. Local anesthetic techniques for diagnosis 
of lameness. Vet Clin North Am 1990;6:705-728. 

62. Schneider RK, Bramlage I R. Moore LM. et al. A retrospective 
study of 192 horses affected with septic arthritis/tenosynovitis. 
Equine Vet J 1992;24:436-442. 

62a. Schumacher Jl, Schramme M, Schumacher JO, ct al: The effect 
of volume of local anesthetic administered into the coffin joint on 
solar toe or heel pain. Am Assoc Equine Pract 2000;46:27-28. 

62b. Schumacher JO, Schramme M, Schumacher |l. et al: Abolition of 
tameness caused by experimentally induced solar pain in horses 
after analgesia of the distal interphalangeal joint. Am Assoc Equine 
Pract 1999;45:193-194. 

63. Scott EA, Sandier GA, Shires MH, Angiography as a diagnostic 
technique in the equine. J Equine Med Surg I978;2:270. 

64. Shepherd MC, Pilsworth RG, Failure of intra-articular anaesthesia 
of the amebrachiocarpal joint to abolish lameness associated with 
chip fracture of the distal radius. Equine Vet J 1993;25:458-461. 

65. Southwood LL, Baxter GM, Fehr JE. How to perform arthrocent- 
esis of the fetlock joint by using a distal palmar (plantar) approach. 
Proc Am Assoc Equine Pract 1997;43:151-53, 

66. Summer Smith G, et al. Telemetric measurements of strain in the 
metacarpus of the horse; A pilot study. Am J Vet Res I977;38: 
1675. 

67. Swanson TD. Guide for Veterinary Service and Judging of Eques¬ 
trian Events. 3rdcd. Golden, CO: American Association of Equine 
Practitioners, 1984. 

68. Trotter GW, Mcllwraith ( W, Clinical features and diagnosis of 
equine joint disease. In: Mcllwraith CW, Trotter GW. Eds. Joint 
Disease in the Horse, Philadelphia; WB Saunders. |996;I25- 
134. 

69. Turner T. Diagnosis and treatment of navicular disease in horses. 
Vet Clin North Am 1989;5:131-143. 

70. Vacck JR, ct al. Communication between the fcmoropatcllar and 
medial and lateral fcmorotibial joints in horses. Am ) Vet Res 1992; 
53:1431-1434. 

71. Van Pelt RW. Intra-articular injection of the equine stifle for thera¬ 
peutic and diagnostic purposes. J Am Vet Med Assoc 1965;I47: 
490. 

72. Vazquez de Mercado R, Stover SM, Taylor KT, et al. Lateral ap¬ 
proach for arthrocentesis of the distal interphalangeal |oint m 
horses, j Am Vet Med Assoc 1998;212:1413-1418. 

73. Vcrschootcn F, Vcrbccck J. Flexion test of the metacarpopha¬ 
langeal and interphalangeal joints and flexion angle of the metacar¬ 
pophalangeal joint in sound horses. Equine Vet J 1997;29:50-54, 

74. Wheat JD, Jones K. Selected techniques of regional anesthesia: 
Svmposium on equine anesthesia. Vet Clin North Am I argc Anim 
Pract 1981;3;223. 


Copyrighted material 


Copyrighted material 



Equine Diagnostic Imaging 


4 


Richard D. Park, Robert H. Wrigley, and 
Phiujp F. Steyn 


Imaging is an important diagnostic tool for identifying 
the cause, location, extent, and severity of lesions that 
cause lameness. The information obtained from imaging 
should always be incorporated with physical findings, 
history, and laboratory results to arrive at a final clinical 
diagnosis. The number of imaging modalities has in¬ 
creased in recent years. In addition to radiography, ultra¬ 
sound and nuclear scintigraphy provide substantial con¬ 
tributions to lameness diagnosis. Thermography is used 
to a lesser extent, and computed radiography, computed 
tomography (CT), and magnetic resonance imaging 
(MRI) offer the potential for more accurate and detailed 

Parti 


diagnoses. Because of the number and variety of imaging 
modalities available, a basic knowledge of the attributes 
and respective role of each imaging modality in lameness 
diagnosis is essential for effective and efficient clinical use. 

This chapter presents the basic principles of diagnos¬ 
tic imaging modalities, including equipment. Radiation 
safety, special radiographic examinations (contrast stud¬ 
ies), and interpretation principles for each diagnostic im¬ 
aging modality are discussed. Routine diagnostic imag¬ 
ing examinations and normal imaging anatomy of the 
equine extremities are illustrated for radiology, ultra¬ 
sound, and nuclear scintigraphy. 


RADIOLOGY 

Richard D. Park 


Radiology has evolved into an acceptable and routine 
procedure tor assisting the veterinarian in equine lame¬ 
ness diagnosis, prognosis, and treatment. Although it is an 
important diagnostic aid, it should be used in conjunction 
with an accurate history, physical examination, other im¬ 
aging modalities, and diagnostic rests. The veterinarian 
must be familiar with x-ray machines, examination tech¬ 
niques, accessory equipment, darkroom equipment and 
procedures, radiation safety, normal radiographic anat¬ 
omy, and basic radiographic interpretation principles to 
perform diagnostic radiographic studies. Too often, 
knowledge of these basic tools is overlooked, resulting in 
inferior radiographic examinations. Poor-quality radio¬ 
graphs may result in erroneous diagnoses and conclu¬ 
sions. The axiom “no radiograph is better than a poor- 
quality radiograph” is true in equine radiology. 

Radiographs are part of the permanent case record 
and, as such, are the property of the veterinarian. Radio¬ 
graphs should be properly identified and filed for future 
reference and retrieval. They may be needed for compari¬ 
son with future examinations or documentation for med- 
ical-lcga! purposes. 


EQUIPMENT 

A knowledge of x-ray equipment is necessary for ob¬ 
taining quality radiographs safely. Since the equipment 
is relatively expensive, proper care and maintenance 
should be followed to ensure a long equipment life. An x- 
ray machine, accessory x-ray equipment, and darkroom 
equipment arc needed; and the clinician must practice 
radiation safety procedures to make a quality radio¬ 
graph. 

X-Ray Machines 

An x-ray machine is the most expensive and complex 
piece of equipment needed for equine radiography. A 
detailed discussion of the theory and physics of the x- 
ray machine is not attempted here; the reader is referred 
to several excellent references for such material. ’ 1 

The x-ray machine's settings may be changed to vary 
the exposure. Milliampcragc (mA), exposure time, and 
kilovoltage potential (kVp) can be changed on the con¬ 
trol panel (I ig. 4.1). Milliampcragc is the tube current 
and refers to the quantity of electrons flowing per second 
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Figure 4.1 A. Control panel tor a 30-mA portable x-ray 
machine 1. exposure time indicator 2, exposure time adjustment 
buttons; 3, error indicator 4, collimator lamp “on” switch: 5, main 
power switch; 6. warm-up indicator; 7, standby indicator; 8. x-ray 
indicator; 9, kilovolt adjustment buttons: 10, kitovolt indicator. B 
Control panel for a 200-mA mobile x-ray machine. 1. line voltage 
meter 2. kitovoltage potential selectors; 3. line voltage 
compensation knob; 4, indicator lights; 5. “on-off" switch 6, 
exposure time selector; 7, milliamperage exposure meter: 8, 
milliamperage selector- 


in the x-ray tube. Ultimately, it determines the quantity 
of x-rays emitted from the x-ray tube. 

Exposure time is an important variable in equine ra¬ 
diology. Because of problems related to animal and cas¬ 
sette movement, exposure time should be 0.1 second or 
less, it possible, for equine limb examinations. Electronic 
timers permit accurate timing when the exposure is less 
than 0.1 second and arc recommended. For equine radiol¬ 
ogy, an electronic timer with a two-step exposure button 
is desirable."* The first step warms the x-ray tube fila¬ 
ment; the second step is w hen the exposure is made. The 
tw'o-step exposure button prolongs the x-ray tube life. 

Because exposure time (in seconds) multiplied by the 
milliamperage equals mitliamperage-seconds (mAs), ra¬ 
diation exposure is directly related to milliampcrage-scc- 
onds. 

0.1 second X 1 0 rnA = 1 mAs 
0.1 second x 15 rnA = 1.5 mAs 
0.2 second X 10 mA = 2 mAs 

Kitovoltage determines the energy of x-rays being pro¬ 
duced. Kilovoltage potential should range from 70 to 90 
for equine limb radiographs on mature horses w f hen a 
portable x-ray machine is used. A 10% increase or de¬ 
crease in kilovoltage potential effectively doubles or 
halves the radiation exposure. 


The focal spot-film distance (FFD) is the distance from 
the x-ray tube focal spot to the x-ray film, t he focal spot 
location is usually marked on the outside tube housing; 
if not, the approximate center of the tube housing can 
be used for its location. A constant FFD is necessary to 
minimize improper exposures, since the intensity of x- 
rays that expose the film is inversely proportional to the 
square of the FFD. A small difference in the FFD can, 
therefore, dramatically change the exposure on the x- 
ray film. For example, if the FFD were changed from 36 
to 40 inches, the exposure from the x-ray machine would 
have to be increased by 23% to maintain a constant film 
exposure. In other words, if 10 mAs provided a good 
exposure at an FFD of 36 inches, 12.3 mAs would be 
required at 40 inches. 

Some merhod of measuring the FFD before each expo¬ 
sure should he employed (Figs. 4.2 and 4,3). Such things 
as a lightweight metal bar or a small rope can be used 
for fast FFD measurement. More elaborate measuring 
devices w ith converging light beams at the correctly set 
FFD may also be used. The FFD for equine limb radiog¬ 
raphy should be between 36 and 40 inches (85 and 100 
cm) and no less than 24 inches (60 cm). When the FFD 
is less than 24 inches, the object is magnified and spatial 
resolution is reduced, FFDs greater than 40 inches may 
be used if exposure times are not excessively long. 
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Figure 4.2 Adjustable light-beam collimator The primary beam 
is limited by adjustable leaves in the collimator A light source 
within the collimator defines the limits of the pnmary beam (white 
arrows) A double light source within the canisters on the side of 
the collimator provides a converging double tine on the cassette to 
position the x-ray tube at the correct FFD (black arrows). 



Col lunation is the process of limiting nr restricting 
the primary x-ray beam to the size of the x-ray cassette 
being used. Collimating the primary beam is a safety 
practice that must be monitored for each exposure and 
must be reset if the cassette size changes. Limiting the 
size of the primary' x-ray beam is a major factor in reduc¬ 
ing scatter radiation, which keeps radiation exposure to 
personnel as low as possible. 70 Fixed cylinders or cones 
and adjustable light-beam collimators arc available (Fig. 
4.2). The disadvantage of fixed primary beam restrictors 
is that they do not conform to different cassette sizes. 
Adjustable light-beam collimation is recommended for 
equine radiography. Adjustable collimators can be af¬ 
fixed to most x-ray machines. They come with an inter¬ 
nal light source, preferably 40 W or greater/ so the 
limits of the primary x-ray beam are projected on the x- 
ray cassette as visible light. 

The type of x-ray machine best suited for equine prac¬ 
tice depends on the type of practice: out-of-hospital vs. 
in-hospital. The features of the x-ray machine must be 
matched to fit different practice situations. Some com¬ 
promises or trade-offs have to lie made, e.g., less milliam- 
perage or kilovoltage potential for more portability. An 
ideal x-ray machine for equine radiography has the fol¬ 
lowing features: I) easily and quietly movable, with a 
tube head that can extend to the floor or ground surface; 
2) adjustable niilliamperage and kilovoltage potential 
settings; 3) an electronic, two-step timer capable of accu- 


Figure 4.3 Methods of measuring FFD. A Some portable x-ray 
machines come with a built-in measuring tape. B and C. Other 
machines use a converging light-bar system When the cassette is 
not at the preset FFD. a double light bar. projected trom the 
canisters (see Fig, 4 2). is present (B. arrows). When the cassette 
is at the preset FFD. a single light bar is seen (C. arrows), 
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rate exposure rimes of 0.1 second or faster; 4) some form 
of tube head support so that handholding the x-ray rube 
during the exposure is not necessary; 5) line voltage com* 
pensator and compensation meter; 6) primary x-ray 
beam restrictor (the preferred system is an adjustable 
light-beam collimator ); and 7) free of radiation or electri¬ 
cal hazards. 

Types of x-ray machines available for equine radiog¬ 
raphy arc portable, mobile, and fixed (ceiling suspended) 
(Fig. 4.4). These machines differ in size and capacity 


from small portable 15-mA machines to large fixed 800- 
mA machines. 

Portable x-ray machines are l>est suited for out-of- 
hospital locations. They arc lightweight (30 to 55 lb) and 
can be easily stored for transport. F.ven though portable 
machines are lightweight and easily moved, for radiation 
safety purposes they should be used with a stand or other 
mechanical support system. Impediments for using x- 
rav tube stands include cost, incompatibility with the 
machine, and lack of field versatility. A two-legged stand 



Fkjure 4.4 Types of x-ray machines used in equine 
radiography. A. Portable 30 mA, 90-kVp machine on a tripod 
stand. B Mobile 200-mA machine C. Fixed or ceiling-suspended 
1 GOO-mA machine with a 3-m telescoping crane that extends to 
the floor. The exposure capabilities and mobility of each type of x- 
ray machine determines how and where they may be most 
effectively used 



I 
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system is the most adaptable to the variety of conditions 
encountered in the field ' The maximum milliamperagc 
on portable x-ray machines is between 10 and 40 mA, 
and the kilo volt age potential varies between 50 and 100 
kVp. Milliamperagc and kilovoltagc potential settings 
on portable x-ray machines are usually interdependent, 
e.g., 10 mA at 80 kVp and 20 mA at 60 kVp. Desirable 
control settings on a portable x-ray machine are multiple 
kilovoltagc potential settings and multiple time settings. 
Time setting increments should be 50% or less below 
0.5 second. 7 

High-frequency transformers that reduce the expo¬ 
sure time are available for portable x-ray machines. They 
are equivalent to a three-phase, 12-pulse x-ray generator 
and provide a 40 to 50% increase in exposure compared 
with a full-wave rectified machine. The practical applica¬ 
tion is to reduce the exposure time and still obtain an 
adequate exposure for a diagnostic radiograph. A line 
voltage compensator is also desirable for portable x-ray 
machines. It is especially important in farm situations, 
where the line voltage may fluctuate with the simultane¬ 
ous use of other electrical equipment and can compen¬ 
sate for a line voltage drop when a long electrical exten¬ 
sion cord is used. 

Mobile x-ray machines are best suited for in-hospital 
radiography. They can be moved easily and quietly, al¬ 
though they are not as easily moved as portable ma¬ 
chines. Mobile x-ray machines generally have a mtlliam- 
perage range between 100 and 200 mA. The x-ray tube 
should be movable in the vertical plane to extend to the 
floor. Sometimes, mechanical modifications must be 
made to provide the necessary degree of x-ray tube 
travel. Timers on mobile x-ray machines usually have 
exposure times as fast as I /60th or I /120th of a second. 

Fixed x-ray machines are usually suspended from the 
ceiling. They are limited to use within a single room. 
These machines can be coupled with large transformer 
systems that are capable of providing high milliamperagc 
(800 to 1000 mA). Ceiling-suspended tubes are easily 
movable and can be locked into position by magnetic 
locks while the x-ray exposure is made. The tube should 
he capable of extending to the floor. X-ray machines 
with high milliamperagc capability have fast exposure 
rimes, eliminating most motion artifacts when radio¬ 
graphing equine limbs, 

Accessory X-Ray Equipment 

Accessory x-ray equipment for equine limb examina¬ 
tions have special requirements. Good-quality, well- 
maintained accessory equipment is necessary to ensure 
that quality radiographic examinations are performed 
safely. Accessory equipment consists of x-ray film, x-ray 
cassettes, intensifying screens, grids, markers and film¬ 
marking systems, cassette holders, positioning aids, and 
x-ray viewing devices. Most accessory equipment is 
available commercially, but because the unique re¬ 
quirements of equine radiology, some equipment—such 
as cassette holders and positioning aids—may have to 
be manufactured locally. 

Rim 

Borh screen and nonscreen x-ray film are available. 
Nonscrecn film is used with a cardboard holder or comes 


individually wrapped in a protective paper envelope. 
Nonscrccn film has excellent spatial resolution and good 
exposure latitude but requires high exposure settings to 
obtain a diagnostic radiograph; therefore, it Is not rec¬ 
ommended for equine radiography. Such high exposures 
cause unnecessary radiation exposure to personnel and 
can increase rhe probability of motion artifacts. 

Single-emulsion film with a single fine or detail-inten¬ 
sifying screen may lx* used to maintain excellent spatial 
resolution but decrease the exposure necessary with non¬ 
screen film. The exposure needed with single-emulsion 
film and a single detail screen is still considerably more 
rhan that needed with double-emulsion film and two in¬ 
tensifying screens. With the single-emulsion, single inten¬ 
sifying screen system, the trade-off is higher exposure 
for better spatial resolution. 

Double-emulsion film is used with two x-ray intensi¬ 
fying screens. The x-ray exposure necessary to obtain 
diagnostic radiographs is significantly lower with this 
system than with a nonscreen film or a single-emulsion, 
single intensifying screen system. Several different 
brands and types of films arc available commercially. In 
general, wide-latitude film is most desirable tor radiogra¬ 
phy of equine extremities. This film allows for greater 
variarion in x-ray machine exposure to obtain an accept¬ 
able film and has a wider film contrast latitude than 
other film has. The wider film contrast latitude provides 
better visualization of soft tissue structures and bone on 
the same film. 

Cassettes 

Cassettes used for equine radiography should be 
strong and durable. The hinges and latches should be 
sturdy and easily movable, and the foam or felt backing 
should seal the cassette to prevent light leaks that would 
cause light fog on the film. 

Cassette sizes most convenient for equine limb exami¬ 
nations are 8 by 10 inches (20 by 25 cm), 11 by 14 inches 
(27.5 by 35 cm), and 7 by 17 inches (17.5 by 42.5 cm). 
The 8- by 10-inch cassettes are sufficient for most exami¬ 
nations. The 11- by 14-inch cassettes are most conven¬ 
ient for tarsal, stifle, elbow, and shoulder examinations; 
and the 7- by 17-inch cassettes work well for metacarpal 
and metatarsal studies and for evaluating angular limb 
deformities in young animals. 

The useful life of cassettes is prolonged with proper 
care. Rough handling of cassettes should be avoided 
when possible. The outside surface should be kept free 
of blood, water, or other staining materials. When work¬ 
ing in extremely dusty or dirty areas, it may help to en¬ 
close the cassette in a small plastic bag to prevent the 
accumulation of dust, dire, and debris from entering the 
cassette when opened. 

Intensifying Screens 

Poor technical quality radiographs are frequently the 
result of old or poor-quality intensifying screens. An un¬ 
derstanding of intensilying screens is therefore important 
to improve quality. The basic function of intensifying 
screens is ro convert x-ray energy into a visible light pat¬ 
tern that contains the same information as the original 
x-ray beam. In the conversion process, the latent image 
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is intensified, which makes possible a properly exposed 
film with 10 to 40 rimes less x-ray exposure than would 
be necessary if intensifying screens were not used. 

Image quality is adversely affected when screens are 
damaged, old, or not in uniform contact with the x-ray 
film. Intensifying screens should he evaluated by visually 
inspecting the screens, determining the screen’s exposure 
efficiency, and checking the film-screen contact. The 
screen surface should be free of scratches, marks, and 
discoloration. This can be determined by visually in¬ 
specting the screens and making a trial exposure. The 
exposure consistency from cassette to cassette should be 
determined hv using an aluminum step wedge. A consis¬ 
tent exposure should be made on each cassette, with the 
aluminum step wedge placed on the front cassette surface 
(Fig. 4.5). The number of steps visualized on each film 
should not vary by more than one. Determining exposure 
consistency is particularly important when huying used 
screens, as screens will lose efficiency with age. Screens 
with different exposure efficiencies result in variable film 
densities from the same x-ray exposure settings. 

Film-screen contact should be evaluated by making 
an exposure with a fine wire mesh screen or paper clips 
placed on the front surface of the cassette (Fig. 4.6). 
Areas with poor spatial resolution (blurry) on the ex¬ 
posed film indicate poor film-screen contact. 

Maintenance of intensifying screens is important for 
prolonging screen life. A regular cleaning schedule 
should be established, and a commercial screen-cleaning 
solution or distilled water should be used. Other types 
of cleaning solutions and nondistilled water may chemi¬ 
cally degrade or otherwise ruin the screen. 

To quickly identify dirty' screens, number the screens 
on their edge and place the same number on the outside 
of the cassette. Unexposed spots on the film that are 
caused by foreign material on the screen can be discov¬ 
ered and immediately removed from the cassette if the 
numbering identification system is used. Properly main¬ 
tained screens will last longer and provide better-quality 
radiographs than will unmaintained screens. 

Although calcium tungstate screens have been used, 
rare earth screens are recommended for equine radiogra¬ 
phy. Several brands with different speed combinations 
arc available (Table 4.1). Rare earth screens are 
faster—some as much as 12 times faster—than calcium 
tungstate screens with comparable spatial resolution. 
The following are some advantages of rare earth intensi¬ 
fying screens: 24 

• Exposure to personnel can be decreased 40 to 60%, 
depending on the screen speed used. 

• Diagnostic capabilities of low-milliamperage x-ray 
machines can be increased (e.g., a 30-mA machine may 
have the potential of a 60- to 80-mA machine). This 
is particularly important in equine radiography, since 
low-milliamperage, portable x-ray machines are used 
extensively. 

• Workload on x-ray generators and tubes can be re¬ 
duced, which prolongs the life of the x-ray tube and 
machine and thus reduces costs. 

• Exposure time can be decreased or shortened, which 
reduces motion artifacts that occur frequently in 
equine radiography. 




Figure 4.5 Testing x-ray screen efficiency A An aluminum 
step wedge is placed on the front of the cassette and 
radiographed to check consistency between x-ray screens B. Two 
step-wedge radiographs made wilh the same x-ray exposure 
factors The difference in the number of steps visualized indicates 
a difference in screen speed (efficiency) The difference in 
efficiency between these two screens means that the exposure 
factors on the x-ray machine need to be adjusted to obtain 
comparable radiographic studies 
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Figure 4.6 Two methods for determining film-screen contact. A. 
Paper clips placed on the front surface of an x-ray cassette. B 
Wire mesh screen placed over the front surface of an x-ray 
cassette. C and D. Radiographs of paper clips (C) or wire mesh 
(D) on the front surface of an x-ray cassette The borders of the 
paper clips and the wire mesh screen are well defined throughout 
the radiographs, indicating good film-screen contact. 
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Table 4.1 RARE EARTH INTENSIFYING SCREEN AND 
FILM COMBINATIONS 


Scream (Manufacturer) 

Film 

Relative Speed 

Trimax (3M) 

2 

XDA 

100-125 

6/12 

XDA 

400 

6/12 

XM 

800 

12 

XDA 

600 

12 

XM 

1200 

Lane* (Kodak) 

Fine 

T-MatL 

75-100 

Regular 

Ortho L 

400 

Regular 

Ortho H 

800 

Fast 

T-MatL 

600 

Quanta (DuPont) 

Detail 

Comex 4L 

100 

Fast detail 

Comex 4L 

400 

III 

Comex 4L 

800 


♦ A smaller focal spot, which increases spatial resolu¬ 
tion, can he used with machines that have more than 

one focal spot. 

• Different speed screens are available, providing exami¬ 
nation flexibility. 

The screen speed can be matched with the power po¬ 
tential of the x-ray machine being used and the part being 
examined. Factors to consider when purchasing intensi¬ 
fying screens are cost, screen speed, image quality, f 5 ex¬ 
amination area, type (power) of x-ray machine, and ra¬ 
diation safety for personnel. Screen speed and spatial 
resolution have an inverse relationship, i.e., fast screens 
have decreased spatial resolution, whereas slow screens 
have increased spatial resolution. Fast screens require 
less exposure from the x-ray machine for a properly ex¬ 
posed film, but the film may appear grainy because of 
quantum mottle. The combination or film and screen 
determines the relative sysrcni speed, i.e., the film-screen 
speed. 

When matched correctly, rare earth screen and film 
combinations provide tremendous advantages for the ex¬ 
amination of equine extremities (Table 4.1). With porta¬ 
ble x-ray machines, a medium-speed combination (400 
to 600) is recommended for routine examination of the 
extremities distal to the antebrachial carpal and the tar- 
socural joints. A slow-speed combination (100) may be 
used for the occasional view that requires higher spatial 
resolution, e.g., navicular bone or distal phalanx. A h igh- 
speed combination (800) may be used tor examinations 
proximal to the antebrachial carpal and the tarsocural 
joints. With mobile or fixed x-ray machines, a slow- 
speed combination (100) may be used for examination 
of the extremities distal to the antebrachial carpal and 
tarsocural joints, and medium-speed combinations (400 
to 600) may be used proximal to these joints. 

Grids 

A radiographic grid is a chin wafer consisting of lead 
foil strips separated by x-ray-transparent spacers. Grids 
differ by grid ratio, lines per inch, and pattern. Grid ratio 
is the height of the lead foil strips relative to the width 
between strips and may vary from 5:1 to 16:1. lines 


per inch is the number of lead foil strips per inch. The 
more Sines per inch, the less apparent the lines are on 
the exposed x-ray film. Grid patterns differ depending 
on the longitudinal orientation of the lead strips and can 
be linear, linear focused, and cross-hatched. The clini¬ 
cian must consider these variables when purchasing a 
grid for use in equine radiography. I 

Grids are generally used to decrease the amount of 
scattered radiation that exposes the x-ray film. Since 
scattered radiation exposes film from several directions, 
it has the effect of decreasing details and ‘‘fogging'* the 
film. A fogged film has a gray or flat appearance and 
little contrast. 

Stationary grids arc the most common grids used in 
equine radiography (Fig. 4.7). The grid may be placed 
over the front of the cassette or may be fixed perma¬ 
nently in the cassette holder or cassette. Examination of 
areas more than 12 cm thick is best performed with a 
grid; this usually includes the limbs proximal to the car¬ 
pus and tarsus. A grid is desirable for the caudocranial 
view of the stifle but may not be necessary for the latero- 
medial view. A grid may also be helpful for foot exami¬ 
nations when the x-ray cassette is positioned under the 
foot and in a cassette funnel that has a thick protecting 
cover between the horse’s foot and x-ray cassette. 

A non focused linear grid with a 6:1 ratio and more 
than 100 lines per inch is adequate for equine limb exam¬ 
inations. A smaller ratio and/or fewer lines per inch may 
be used with less powerful x-ray machines to facilitate 
a decrease in exposure time. 

The advantages of using a grid are increased film de¬ 
tail and contrast, which improve the diagnostic quality 
of the film. The disadvantages of a grid are cost, in¬ 
creased radiation exposure to personnel, and the need 
for more precise centering of the x-ray beam and posi¬ 
tioning of the grid to prevent grid cutoff. Increased radia¬ 
tion exposure is particularly important in equine radiog¬ 
raphy for which low-output x-ray machines are 
extensively used. The grid must be perpendicular to the 
x-ray beam; and if a focused grid is used, the center of 
the x-ray beam must be aligned with the center of the 
grid. Improper positioning results in grid cutoff and a 
non diagnostic radiograph. 

fc 

Film Markers and Marking Systems 

Adequate, legible film marking is necessary but often 
overlooked in equine radiography. Proper identification 
procedures are necessary for follow-up comparative ex¬ 
aminations and for accurately documenting when, 
where, what, and by whom the examination was per¬ 
formed. Such documentation on the film in a proper, 
permanent fashion may also be needed for medical-legal 
purposes. 

Radiographs should be identified with the veterinari¬ 
an’s name and/or hospital or the place where the radio¬ 
graph was made, the date, and the animal’s name or 
number. The view and anatomic part examined should 
also be recorded at the time the film t$ exposed. 

Acceptable methods of film labeling include lead-im¬ 
pregnated tape, lead letters and/or numbers, and a pho 
toflash marking system (Fig. 4.8). Adhesive tape and 
coins are not acceptable methods of marking radio¬ 
graphs. 
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Figure 4.7 A. Stationary grid Hist slides over the top ol the shoulder elbow, and pelvis B Grid cassette The grid is buit into 

cassette tor examination ol thick areas, such as the stifle. _the front surface of the cassette and is not visible or removable. 






Figure 4.8 A Labeling systems lor film and patient 
identification, including a card for a photollash marking system (a), 
lead tape (b), and lead letters (c). B. Photoflash Film identification 
marker system C Radiographs of photoflash marker fa), lead 
letters (b). and lead tape <c). 
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Figure 4.9 A, Handle cassette holder with x-ray cassette partially inserted into it. B. Line diagram and 

dimensions of a handle cassette holder. 


] 



Figure 4.10 A. Wood positioning block. B Line diagram and 
dimensions of a wood positioning block, C Modified wood 
positioning block with a 55 angled wedge at one end (arrow) to 
facilitate the dorsal 60 proximal - pal ma rochsta I oblique view of the 
distal phalanx and navicular bone. 
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A permanent aluminum plate containing the veteri¬ 
narian's name and other information can he used with 
lead-impregnated tape and lead letters. These plates are 
placed on the front of the cassette before the radiograph 
is made and provide legible figures on the radiograph. 
Without the aluminum plate, the figures on the lead- 
impregnated tape may not be legible. 

The photoflash marking system requires a permanent 
lead blocker impregnated in the comer of the x-ray cas¬ 
sette. This area is exposed with identification informa¬ 
tion that is written or typed on a card placed in the pho- 
toflash machine. 

The part examined and the x-ray view used should 
also be labeled with lead letters or other available lead 
markers. 10 The part examined should be labeled left (L) 
or right < R) for all examinations and labeled fore or hind 
distal to rhe carpus and tarsus. Regardless of the system 
used, the essential information must be on the x-ray film 
in clear legible form. 


Cassette Holders and Positioning Aids 

Cassette holders and positioning blocks are necessary 
for radiation safety purposes and to facilitate consistent 
views or projections of an examined part. Cassette hold¬ 
ers and blocks enable personnel who hold the cassette to 
position their hands away from the primary x-ray beam, 
even though they are wearing lead-impregnated gloves. 
For equine limb examinations, a handled cassette holder, 
a cassette holder {tunnel) for weighr-bearing foot studies, 
and a positioning block arc necessary. 

A handled cassette holder for limb examinations may 
be made from aluminum or wood (Fig. 4.9). One wood 
block with two grooves in the top can be used for phalan¬ 
geal and navicular examinations (Fig, 4,10), A 55° wedge 
may be added to one end of the block to accommodate 
an upright foot examination, and a metal strip may be 
recessed into the flat surface to mark the plane of the 
sole (Fig. 4.IOC). A cassette holder (tunnel) can be used 
for weight-bearing studies of the feet and navicular bone 
(Fig. 4.11). The cassette holder protects the cassette from 
damage caused by direct weight bearing by the horse. 
l.ead may be added to rhe underside of the holder to 
prevent back-scattered radiation from fogging the film 
(Fig. 4.11C). Cassette holders that have thick (more than 
0.25-inch) Plexiglas fronts may produce excess scatter 
radiation and, therefore, require a grid to obtain an ac¬ 
ceptable radiograph of the navicular bone. 

These positioning aids allow routine examinations of 
the limb to be performed in a safe, consistent manner. 


Viewing Devices 

The entire x-ray examination will have been done in 
vain if the x-ray film cannot be adequately viewed or is 
read with poor illumination. Good-quality x-ray viewers 
and a bright light are necessary equipment. They should 
be placed in an area where external light can be subdued. 
Rach properly exposed film should be inspected with a 
bright light (Fig. 4.12), which may reveal soft tissue 
structures and subtle bone changes not apparent with 
regular x-ray viewers. 



8T 




Figure 4.11 A Weight-bearing cassette holder with the 
cassette partially inserted into the holder 6. Line diagram and 
dimensions o( a weight-bearing cassette holder. C. A 1 -mm-thick 
piece of lead can be added to the bottom of the cassette holder 
(arrows) to stop radiation backscatter from the ground to the x-ray 
film Radiation backscatter will produce background film fog and 
decrease the image quality. 
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Figure 4.12 Bright light for viewing high-exposure (dark) areas 
on an x-ray film 


Darkroom Equipment 

Basic darkroom equipment, film processing, and de¬ 
veloping and fixing solution properties have been cov¬ 
ered elsewhere and arc nor discussed in detail here. 3 * 

Poor-quality radiographs are frequently the result of 
inconsistent darkroom technique* and procedures. In¬ 
consistency results from not using necessary darkroom 
equipment and procedures and from not following a sys¬ 
tem of solution management. The most often neglected 
darkroom equipment includes good-quality processing 
tanks that have circulating water bath capability with a 
mixing valve for water temperature control, a timer, and 
a thermometer (Fig. 4,13). If used properly, these three 
pieces of equipment will conrrol the time and tempera¬ 
ture of the film processing (Table 4.2).* The film manu¬ 
facturer should he consulted for specific time and tem¬ 
perature recommendations for the film being used. 

In addition to the darkroom equipment listed above, a 
system of solution management should be used. Solution 
management ensures active developing and fixing solu¬ 
tions and decreases the number of poorly developed and 
fixed radiographs. Several management systems exist. 

The replenishing method is a simple system that 
works well: 

1. Place the films directly into the water bath from the 
developing and fixing solutions. Do not allow' the 
solutions to drip from the film back into the develop¬ 
ing or fixing solutions. 

2. When the level of solution in a tank drops, add de¬ 
veloping or fixing replenishment solution to the ap¬ 
propriate tank to bring the solution to the original 
level. 

3. Replace the solutions and clean the tanks at approxi¬ 
mately 3-month intervals. The specific interval de¬ 
pends on the number of films processed. 

Another system is the comparison film strip method: 

1. Develop a film strip when the solutions arc first 
placed in the tanks. 



Flgur« 4.13 Timer (A) and thermometer <B) are necessary for 
establishing accurate settings lor proper x-ray film processing. 


Table 4.2 TYPICAL TIME AND TEMPERATURE 
SETTINGS FOR X-RAY FILM PROCESSING’ 


Temperature °F fC) 

Developing Time (Minutes) 

60 (15.5) 

85 

65 (18 5) 

6.0 

68 (20.0) 

50 

70 (21.0) 

45 

75 (24.0) 

3.5 


J Consult the film manufacturer for specific recommervlations 


2. At regular intervals, expose and process a test strip 
in exactly the same manner as the original film strip. 

3. Compare the test strip to the original strip. When 
the test strip is noticeably lighter than the original 
strip, change the solutions. 

Automatic film processors arc available and recom¬ 
mended when economically feasible. They add consis- 
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I 


Figure 4.14 Countertop automatic film processor. 


tency to film processing, increase film quality, and de¬ 
crease the time spent in processing film. Because of the 
convenience, speed, and quality of films obtained, the 
number of radiographic examinations performed in a 
practice usually increases. Compare the convenience, 
purchase price, and maintenance and operation costs of 
an automatic processor to those of processing film man¬ 
ually before deciding to buy an automatic processor. 

Countertop film processors are also available (Fig. 
4.14}. These require little or no structural building modi¬ 
fications for installation and need only a cold water out¬ 
let and a 110-volt electrical connection. They arc less 
expensive than large stationary models. Most countertop 
models accept all sizes of film and require only a slightly 
longer time for film processing. Automatic film proces¬ 
sors are recommended when the caseload and circum¬ 
stances justify their use. 

RADIATION SAFETY 

Radiation safety has become more important in 
equine practice as the use of radiology has increased. 
Safe radiation procedures are often not followed because 
of insufficient knowledge of biologic radiation effects, 
lack of awareness of radiation safety principles, inadc- 
uate radiation safety equipment, and/or neglect of ra- 
iation safety practices because rhese practices require 
too much time and effort. None of these reasons justifies 
the unsafe use of radiation. 

Veterinarians in equine practice may receive low 
doses of radiation over long periods of time. Because the 
clinician’s extremities (hands, eyes, and feet) are the most 
common body parts to be exposed to radiation, they are 
subject to chronic radiation injury. Chronic radiation 
injury may be manifest as skin ridge flattening on finger¬ 
tips, ridging of fingernails, or, in severe cases, skin carci¬ 
nomas. Such changes may result from not routinely fol¬ 
lowing safe radiation procedures. 

The general principles of radiation safety are 1) keep¬ 
ing personnel as far away from the radiation source (x- 
ray tube) as possible, 2) using protective barriers, 1) re¬ 


ducing x-ray exposure factors, and 4) using a radiation- 
monitoring system. 

Keeping personnel as far away from the x-ray source 
as possible can lie accomplished by having nonessential 
personnel leave the immediate area, using cassette hold¬ 
ers and positioning blocks, providing tranquilization or 
general anesthesia when needed, 1 using an x-ray tube 
stand or support, and having a 1 - to 2-meter-long cord 
connected to the exposure button. No part of the body 
should be exposed to the primary x-ray beam. 

Protective barriers should always be used. Walls and 
lead screens are good protective barriers to use when 
practical. Adequate wall thickness in a new or remodeled 
facility should be determined by consulting with a health 
physicist. The personnel subject to the greatest exposure 
when performing equine examinations are those holding 
the horse's limb or cassette holder and those holding the 
halter, 1 Therefore, if personnel must be near the animal 
when the x-ray examination is performed, they should 
wear lead aprons and gloves. Periodically aprons and 
gloves should be radiographed to check for cracks and 
holes in the lead-impregnated lining (Fig. 4.15), 

Fast film-screen combinations and a decreased FFD 
can be used to reduce x-ray exposure factors. As men¬ 
tioned, for good-quality films, the FFD should not be 
less than 24 inches and preferably not less than 36 inches. 

A radiation-monitoring system should be used by all 
radiology personnel. These systems not only provide 
safety guidance but also protect against possible legal 



Figure 4.1 S Radiograph of a lead glove, showing a lucent area 
(arrows) that represents a defect or hole in the lead lining. 
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implications* Film-badge monitoring systems and service 
can be purchased from commercial sources. 

Equipment necessary for safely operating an x-ray 
machine includes cassette holders, lead aprons and 
gloves, aluminum filters, and an adjustable light-beam 
collimator. Cassette holders eliminate the need to hand¬ 
hold cassettes, increasing the distance between hands 
and the x-ray beam. The cassette holder should be dura¬ 
ble and lightweight. As discussed, several designs for cas¬ 
sette holders are available (Figs. 4.9 to 4.11). 52 

Lead aprons and gloves should be worn by everyone 
assisting with the x-ray examination. Protective gear 
should have at least 0.5-mm lead equivalent. Lead 
aprons and gloves provide adequate protection from sec¬ 
ondary and scattered radiation but not from primary 
radiation. The life of lead aprons and gloves can be pro¬ 
longed by hanging them up when they are not in use. 
This prevents cracks or holes forming from improper 
care (Fig. 4,15). 

Primary beam filtration should be at least 2.5-mm 
aluminum. The filtration should be added at the x-ray 
tube port. Filtration makes the x-ray beam more ener¬ 
getic (hardens) and reduces the amount of less energetic 
(soft) radiation. This has the effect of decreasing the 
amount of scattered radiation to surrounding personnel. 

An x-ray beam-limiting device or collimator (Fig. 4.2) 
is one of the most important, yet overlooked, pieces of 
radiation safety equipment. The size of the primary x- 
ray beam is a major factor in determining radiation dose 
to the hands. 11 Several beam-limiting devices are avail¬ 
able. Fixed-size cones and cylinders and adjustable light- 
beam collimators limit the primary x-ray beam. Adjust¬ 
able light-beam collimators have the advantage of limit¬ 
ing the primary x-ray beam to the exact cassette size, 
regardless of the FTP. The light also assists alignment 
of the primary x-ray beam wiih the cassette. Every x-ray 
machine should have a primary beam-limiting device. 
An adjustable light-beam collimator is highly recom¬ 
mended. 

In summary, the following safety measures should be 
observed 52 *® 5, u : 

• Never handhold the x-ray cassette during an exposure. 
Cassette holders or general anesthesia should be used 
so that cassettes do not have to be handheld. 

• All personnel not needed for assistance with the x-ray 
examination should leave the immediate area. 

• Lead gloves and aprons should be worn by all individu¬ 
als assisting with the x-ray examination. 

• A primary x-ray beam-restricting device should be 
used, preferably an adjustable light-beam collimator. 

• Primary beam filtration equivalent to 2.5-mm alumi¬ 
num should be used. 

• Rotate personnel responsible for holding the cassette, 
if possible; avoid routinely using the same person for 
this job. 

• Do not allow anyone under 18 years of age or anyone 
who is pregnant to assist with an x-ray examination. 

• Appropriate-speed rare earth screens are recom¬ 
mended. 

• Consistent x-ray exposures and darkroom techniques 
should he used. Repeat exposures require unnecessary 
radiation exposure to personnel. 

• A radiation-monitoring system should be used. 


The veterinarian in charge is responsible for the radia¬ 
tion safety practices used by his or her employees. Pro¬ 
viding necessary radiation safety equipment and follow¬ 
ing these rules should keep exposure levels below the 1 
limits recommended by the National Council on Radia¬ 
tion Protection. 38 . 


TECHNIQUE CHARTS 

A technique chart should be formulated for each x- 
ray machine, because no two machines have exactly the 
same exposure characteristics (Fig. 4.16). A technique 
chart ensures consistent exposure factors from each x- 
ray machine’s settings, decreasing the number of repeat 
radiographs, thus reducing radiation exposure to per¬ 
sonnel and the wasting of x-ray film. 

Several variables should be kept constant when a tech¬ 
nique chart is being formulated: the FFD, film-processing 
conditions, line voltage, type of intensifying screen, type 
of x-ray film, type of collimation, and the amount of 
primary beam filtration. If these variables are changed, 
indicated settings from the chart may no longer be valid. 

The following general rules and principles should be 
observed when a technique chart for equine limb exami¬ 
nations is being formulated: 1) the exposure times should 
be as fast as possible to limit motion artifacts on the 
radiograph, and 2) the kilovoltage potential range 
should he between 70 and 90 kVp for most examinations 
but may be higher when mobile or fixed x-ray machines 
are used. 

Manipulation of exposure factors on the x-ray ma¬ 
chine is often necessary when a technique chart is being 
formulated and used. To double or halve the x-ray expo¬ 
sure by changing the millia mperage-seconds, simply 
double or halve either the milliamperage or time. To 
double or halve the x-ray exposure by changing the kilo- 
voltage potential, simply add or subtract approximately 
10% from the original kilovoltage potential. 

Equivalent Exposures 

80 kVp 15 mA 0.1 second 1.5 mAs 

90 kVp 15 mA 0.05 second 0.75 mAs 

70 kVp 30 mA 0.1 second 3.0 mAs 

70 kVp 15 mA 0.2 second 3.0 mAs 


A technique chart may be formulated with or without 
a grid. A grid is usually not used and not necessary in 
most extremity examinations because of insufficient part 
thickness. If a grid is used, exposure factors must be in¬ 
creased; the amount of increase depends on the grid type, 
grid ratio, and lines per inch. 

A trial exposure should be made on each part to find 
the most suitable exposure. For example, for the fetlock 
(metacarpophalangeal joint), foot (distal phalanges), 
metacarpus, and metatarsus, a baseline exposure with a 
FFD of 30 inches (75 cm) and exposure settings of 2.0 
mAs and 70 kVp with a 400-speed rare earth film-screen 
combination and no grid may be used. The baseline ex¬ 
posure should be slightly higher for tarsal and carpal 
studies and decreased bv half for dorsopalmar-plantar 
studies of the distal phalanx. 
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HF100 EQUINE TECHNIQUE CHART* ’ 


X-ray Unit: MlnXray, Inc Modal HFIOO 

Screen film Combination Storing Ulvavwon Rapid Screens/uitraviswn L Fiim/400 Speed Combination 
focal Film Distance (FFD): As Specified (Adjust Exposure Time II Using Different FFD) 



Thk, cm 

FFD, in 

kV 

mA 

Time, sec 

mAe 

P3 







Lateral 

16 

40 

66 

20.0 

0.05 

1.0 

D65P-PD view 

11 

40 

62 

20.0 

005 

1,0 

DP 

11 

40 

70 

200 

005 

1.0 

Navicular 







Lateral 

11 

40 

66 

200 

0.05 

10 

D65P P0 (cone) 

11 

40 

68 

200 

007 

1.4 

Flexor 

HtA 

16 

• 

65 

200 

004 

08 

Fat lock 







Lateral 

11 

40 

66 

20.0 

005 

1.0 

Obfique 

6 

40 

70 

200 

0.05 

1.0 

D15P-PO 

9 

40 

72 

20.0 

005 

1.0 

Carpus 







Lateral 

10 

40 

72 

200 

005 

1.0 

Oblique 

9 

40 

74 

20 0 

005 

10 

DP 

12 

40 

78 

200 

004 

06 

Skyline 

N/A 

31 

74 

200 

006 

1.0 

Tarsus 







Lateral 

10 

40 

72 

20.0 

005 

1.0 

Oblique 

10 

40 

72 

200 

005 

1.0 

DP 

13 

40 

92 

20.0 

0.04 

0.8 

Stifle 







Lateral 

24 

40 

78 

20.0 

006 

1,6 

CC 

26 

40 * 

96 

200 

0.10 

2.0 

Skull 







Lateral (Nasal) 

16 

40 

80 

20.0 

006 

1.6 

Lateral (Teeth) 

16 

40 

80 

200 

0.12 

2.4 

Lateral (Guttural Pouch) 

16 

40 

88 

20.0 

0.13 

2.6 
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Figure 4.16 Technique chart (or equine examinations (Reprinted with permission from The University of 

Tennessee College of Veterinary Medicine. Knoxville, TN,) 


Three trial exposures should be made on each part: 
the baseline exposure, an exposure half the baseline, and 
an exposure twice the baseline. If all three exposures arc 
too light (underexposed) or too dark (overexposed), the 
baseline exposure should be adjusted to compensate and 
the three exposures should be repeated. A good-quality 
film should eventually be made with one trial film darker 
and one trial film lighter. A good-quality film should 
show soft tissue as well as bone without the use of a 
bright light, and bone trabeculae should be identifiable. 
Once a good exposure is made for a given part, it should 
be recorded on the technique chart. With additional 
work, the chart can be refined to include more-specific 
exposure information for each view (Table 4.3). 

The technique chart should be established for an aver¬ 
age-sized horse. For smaller and larger horses, the expo¬ 


sure factors will have to be adjusted to produce accept¬ 
able radiographs. 

CONTRAST EXAMINATIONS 

A contrast radiographic examination consists of using 
contrast material to better define suspicious lesions de¬ 
tected clinically or radiographically but not distinctly 
seen on survey radiographs. Trjiodinated contrast mate¬ 
rial is most useful for contrast examinations in lame 
horses. Positive-contrast agents are commercially avail¬ 
able in an injectable form (Table 4.4). The use of nega¬ 
tive-contrast agents (gas) has been reported’ but has not 
found wide, routine acceptance. Although the number 
and kinds of contrast examinations for equine lameness 
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Table 4.3 EXAMPLE TECHNIQUE CHART FOR 
CARPUS 


Trial exposures 

Good trial exposure: 70 kVp, 1.5 mAs 
More film contrast (black and white): 60 kVp, 3.0 mAs 
Less film contrast (more gray shades): 80 kVp, 0.75 mAs 
Relinements per view* 

Dor so palmar (DPa); 70 kVp, 1.5 mAs 

Dorsofateral-palmaromedial oblique (D45L-PaMO): 70 kVp, 1.5 
mAs 

Dorsomedial-palmarolateral oblique (D45M-PaMO): 70 kVp, 1.5 
mAs 

Lateromedial (LM): 75 kVp, 1.5 mAs 

Flexed lateromedial (flexed LM): 75 kVp. 1.5 mAs 



* It more or less film contrast is desired, adjust the kilo voltage potential and 
mtfliamperage- seconds 


Figure 4.17 Catheters for draining tract injections a, Tom-Cat 
Catheter (Sherwood Medical. St. Louts. MO); b, male uretheral 
catheter: c, Foley catheter. The Foley catheter has an inflatable 
cuff for internal occlusion of the draining tract, which prevents 
reflux ol contrast material onto the external surface. 


Table 4.4 ORGANIC IODIDE CONTRAST MATERIAL 


Brand Name 

Generic Name 

Manufacturer 

Hypaque sodium 20% 

20% Diatrizoate Na 

Nycomed* 

Hypaque sodium 25% 

25% Diatrizoate Na 

Nycomed 

Hypaque sodium 50% 

50% Diatrizoate Na 

Nycomed 

Hypaque meglumine 60% 

60% Diatrizoate meglumine 

Nycomed 

Ommpaque c ' 

lohexol 

Nycomed 

Reno-DIP 

30% Diatrizoate meglumine 

Bracco' 

Renocal-76 

66% Diatnzoate meglumine and 10% Diatrizoate Na 

Bracco 

Reno—30 and 60 

30% and 60% Diatrizoate meglumine 

Bracco 

Renovist 

35% Diatrizoate Na and 10% Diatrizoate Na 

Bracco 

lsovue f ’ 200, 250, 300, and 370 

41%. 51%. 61%, and 76% lopamidol 

Bracco 


•Nycomod Inc, 90 Park Avenue. New York. NY. 

“Nonionic contract medium 

Bracco Diagnostics. Princeton. NJ 08543 


diagnosis arc limited, when indicated and used properly* 
they can add invaluable information. Procedures most 
commonly used are injection of a draining tract (sinogra¬ 
phy or fistulography), arthrography, tendonography, 
and myelography. **** 

Fistulography or Sinography 

Fisrulograms provide valuable diagnostic information 
when chronic draining tracts or recent traumatic punc¬ 
ture wounds are present. Survey radiographs of the area 
should be made first. If the source or cause of the drain¬ 
ing tract or puncture wound is not clearly identified on 
the survey radiographs, a fistulogram can for performed 
to obtain additional diagnostic data. 11 * 14 * 2 * 1 - 

The technique consists of injecting undiluted water- 
soluble triiodinated contrast material into the draining 
tract as aseprically as possible. Water-soluble contrast 
material is used because it is less viscous and penetrates 
chronic draining tracts more easily than does oil-based 
contrast material. Because it is less viscous, it has the 
disadvantage of draining from the tract after injection. 
This can be overcome by using an inflatable, cuffed 
(Foley) catheter in the tract or inserting a small polyeth¬ 
ylene tube some distance into the tract before injecting 
the material (Fig. 4.17). Filling is best accomplished if 


the contrast material is injected under pressure; thus 
some form of occlusion of the tract opening is necessary. 

When the distal extremity is being examined, it is im¬ 
portant to flex and extend the region slowly. This will 
allow a tract that may be closed while the horse is stand¬ 
ing to open up, permitting the contrast to enter the tract. 
The volume needed for injection is not consistent, and 
when fistulograms are being performed, the injection of 
an insufficient volume is a common error.’ s Contrast 
material should be injected until back pressure is felt on 
the syringe plunger or external leakage is observed. A 
single radiograph can also be made to determine if an 
adequate volume of contrast material was injected. After 
contrast material has been injected to delineate the entire 
tract, orthogonal radiographic views should be made for 
complete evaluation. Any contrast material that leaks 
onto the skin surface should be removed before radio¬ 
graphs are made. 

A fistulogram may demonstrate 1} the extent and di¬ 
rection of the tract to aid in surgical exploration, 2) com¬ 
munication with underlying soft tissue structures (e.g., 
tendon sheaths or synovial joints), 3) osseous involve¬ 
ment (e.g., sequestra or osteomyelitis associated with 
surgical implants), and 4) filling defects (which appear 
radioluccnt because of displacement of contrast mate¬ 
rial). 14 Filling defects may be caused by fibrous reaction 
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Figure 4.16 MediotateraJ (ML) view of the femur after injection 
of contrast material into an externally draining tract. A wood 
foreign body is outlined by the contrast matenal (arrows). Note the 
filling defects (radtolucent areas) with sharply demarcated borders 


within the tract or by foreign bodies. Fibrous tissues gen¬ 
erally have irregular borders, whereas foreign bodies, 
such as wood splinters, have sharp, straight borders (Fig. 
4.18). Small foreign bodies may not be identifiable on a 
fistulogram because of the overlying opacity of the con¬ 
trast material. In such cases, ultrasound imaging may 
provide additional diagnostic information. 11 


Arthrography 

Arthrography is a relatively safe and simple procedure 
for examining equine joints. 10,12 ” 1 *’ 1 Clinical indica¬ 
tions include selected cases w ith chronic joint distension, 
with or without lameness. Arthrography provides diag¬ 
nostic information when a more complete evaluation of 
suspected articular cartilage, subchondral hone, and sy¬ 
novial membrane lesions is needed. It is a valuable tech¬ 
nique for determining the location of periarticular opac¬ 
ities (ossification or mineralization) within soft tissue 
(intracapsular or extracapsular). Arthrography provides 
important diagnostic data complementary to other imag¬ 
ing modalities; the need for arthrography will likely de¬ 
crease, however, as other imaging modalities become 
more readily available (e.g., arthroscopy, ultrasonogra¬ 
phy, and MRI). 

The arthrographic technique consists of injecting a 
local anesthetic agent in the overlying soft tissue before 


aseptic joint centesis is performed. Synovial fluid can be 
withdrawn if joint capsule distension is present, but this 
is not necessary before contrast material injection. Three 
types of arthrography can be performed: negative (gas), 
positive (iodinated contrast material), and double con¬ 
trast (combination of gas and iodinated contrast me¬ 
dium). 

Negative-contrast arthrography can be performed 
w ith air, carbon dioxide, or nitrous oxide. It can be used 
to identify the location of opacities (intracapsular or cx- 
tracapsular). Because of its limited diagnostic value, 
however, it is not recommended for equine arthrog¬ 
raphy. 

Positive-contrast arthrography is performed by inject¬ 
ing triiodinated water-soluble contrast material intraar- 
ticularly (300 to 350 mg/mL). Between 5 and 20 mL of 
contrast material should be used, depending on the joint 
and animal's size. 

The joint should then be flexed and extended briefly 
to mix the contrast material with the synovial fluid, and 
the films should be exposed immediately, A delay of 
more than 5 minutes may result in a nondiagnostic 
arthrogram because of contrast material resorption from 
the joint and dilution by fluid drawn into the joint as a 
result of the higher intraanicular osmotic pressure cre¬ 
ated by the contrast material. The contrast material bor¬ 
ders will appear indistinct when this occurs. 

Nonionic contrast materials, such as iohexol and io- 
pamidol (Table 4.4), have greater opacification overtime 
than ionic contrast material. 10 Newer, dimer contrast 
materials remain opacified longer with less inflamma¬ 
tory reaction than ionic or nonionic materials.* 4 Radio- 
graphic exposure can be optimized with iodine-contain¬ 
ing contrast material by setting the kilovoltage potential 
in the range of 75 to SO. 2 * This range takes advantage of 
the photoelectric absorption of iodine, producing more 
contrast in the arthrogram. 

Double-contrast arthrograms arc performed by asep- 
tically injecting gas intraarticularly until the joint dis¬ 
tends. Then positive-contrast material is injected to equal 
10% of the injected gas volume, 1 " Double-contrast 
arthrography is most beneficial in larger joints, such as 
the stifle, and is good for identifying minor abnormalities 
of articular cartilage and outlining the synovial mem¬ 
brane surface. 10 ” 1 * Double-contrast arthrography is not 
recommended for smaller joints, e.g., the metacarpopha¬ 
langeal joint, because gas bubbles arc often present, cre¬ 
ating pseudofilling defects and masking lesions that may 
be present. 10 

Arthrography helps detect fractures and/or Assuring 
in articular cartilage, the outline and integrity of the joint 
capsule, and the presence of cartilage and mineralized 
joint bodies. Cartilage Assuring and fragmentation, such 
as occurs with osteochondrosis, is best identified w r ith 
positive-contrast arthrography, as the contrast material 
fills cartilage defects or infiltrates beneath the articular 
cartilage (Fig. 4.19). The extent of an osteochondrosis 
lesion and communication of a subchondral cyst w r ith the 
joint are also best demonstrated with positive-contrast 
arthrography. 19 

Joint capsule proliferation, tears, hernias, and abnor¬ 
mal communications are best diagnosed with positive- 
contrast arthrography. Proliferative synovitis produces 
an irregular border on the contrast margins and may 
produce small filling defects that extend into the contrast 
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Figure 4.19 A Medioiaterat (ML) view of the shoulder, showing 
a large subchondral lucent region in the humeral head (arrows). 
There is a flattened area on the articular surface but no definite 
subchondral bone fracture or fragmentation. B Shoulder 
arthrogram showing contrast material outlining the shoulder )Oint 
(open arrows) and dissecting beneath loose articular cartilage and 
subchondral bone tragmenfs (solid arrows) The radiographic and 
arihrographic findings indicate osteochondritis desiccans of the 
humeral head 


material. Abnormal communications are easily seen, 
since tendon sheaths and bursa fill simultaneously with 
the joint (Fig. 4.20). Tears or perforations in the joint 
capsule are identified as contrast extravasates into sur¬ 
rounding soft tissue. 

Free joint bodies can be identified with all three 
arthrographic techniques. Free joint bodies, whether 
opaque or nonopaque, produce lucent filling defects 
when surrounded by positive contrast, and both are 
opaque when surrounded by air. 


Tendonography 

Tendonography is a technique that consists of inject¬ 
ing positive-contrast material, negative-contrast (gas) 
material, or both into a tendon sheath or bursa to outline 
the sheath and outside surfaces of the tendons. Tendon¬ 
ography has been used most extensively to outline liga¬ 
ments and tendons on the palmar/plantar aspect of the 
distal third metacarpal and metatarsal regions but can 
be used in any tendon sheath or bursa. 

For positive-contrast tendonography, 10 to 20 mL of 
positive contrast material is injected into the tendon 
sheath or fluid-filled swelling. A 25% iodine concentra¬ 
tion is recommended to lessen the inflammatory reaction 
caused by more concentrated iodine solutions. 1 * Double- 
contrast studies can be performed by injecting 5 mL of 
contrast material and then injecting gas to distend the 
sheath or bursa.Gas tendonograms have also been de¬ 
scribed for the digital sheath. For negative-contrast (gas) 
tendonography, gas is injected in the digital sheath, be¬ 
tween the superficial and deep digital flexor tendons, and 
subcutaneously. 8,6 ’ Normal anatomy and variations of 
the tendon sheaths in the horse limb have been docu¬ 
mented and demonstrated. 1 * 

Tenosynovitis, desmitis of the palmar and plantar an¬ 
nular ligaments, and intersvnovial communications with 
bursae or joint capsules can be diagnosed with contrast 
studies of the tendon sheaths and bursae.*' 12,20 * 6 * In cases 
of chronic tenosynovitis or bursitis, filling defects project 
into the contrast material from the synovial surface. 12,20 
Thickening of the flexor tendons is thought to indicate 
tendinitis. Ultrasonography is superior for demonstrat¬ 
ing tendon pathology; hut contrast studies are more ef¬ 
fective for demonstrating synovial herniations and inter- 
synovial communications 1 * and should he used if such 
pathology is suspected clinically. 

Myelography 

Myelography in the horse is used to substantiate cervi¬ 
cal spinal cord compression suspected from a neurologic 
and/or radiographic examination. It also serves to iden¬ 
tify the location, extent, and type of compressive lesion 
present, which is necessary for determining the prognosis 
and indication for surgical intervention. 

A survey radiographic examination is performed by 
making neutral lateral radiographs centered on the cra¬ 
nial, midcervical, and caudal cervical regions. Observed 
radiographic changes include malalignment in the mid- 
cervical area that is accentuated on the flexed lateral view 
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Figure 4.20 Lateromedial (LM) (A) and dorsoproximai- 
distopalmar (D30Pr-DiPaO) (B) views of the foot. Contrast material 
was infected into a fluctuant soft tissue swelling. Note the cul-de- 
sac (joint capsule herniation) tilled with contrast material (arrows) 
and communicating with the distai mterphalangeal joint C. 
Lateromedial (LM) view of the carpus after infection of contrast 
material into a fluctuant, flutd-ftlted swelling. Note the supracarpal 
bursa in the soft tissue cranial to the distal radius with no 
communication to other carpal structures 
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(Fig. 4.2IK dorsal flaring of the caudal vertebral epi¬ 
physis into the spinal canaK abnormal ossification pat¬ 
terns, bony proliferation on the articular facets, and ven¬ 
tral extension of the cranial margin of the dorsal 
lamina"- 40 (Fig. 4,22). The accuracy of predicting a 



Figure 4.21 Lateral survey radiograph ot the cervical spine, 
showing a possible dynamic cervical stenosis. A mild kyphotic 
malalignment ts present between C3 and C4 



/ 

C7 



Figure 4,22 Lateral cervical view at the level of C6-7, showing 
bony proliferation around the articular facets, sclerosis of the 
rostral dorsal lamina of C7 (arrow), and narrowing of the spinal 
canal at the rostral aspect of C7. 


compressive lesion from survey radiographs Compared 
with myelography has been reported to be only 40% in 
all areas of the cervical spine except at C3-4, where there 
was a 70% predictive rate. 44 Sagittal ratio values appear 
to be a more accurate method than using only the mid- 
sagittal diameter for predicting cervical stenosis from 
survey radiographs.' 8, * The sagittal ratio value is the 
midsagittal diameter (measured in the conventional 
manner) divided by the width of the corresponding verte¬ 
bral body at the widest point on the cranial aspect of 
the vertebra. 4 ' 

Myelography with nonionic, water-soluble contrast 
material has proven to be an acceptable and safe diag¬ 
nostic procedure in rhe horse (Table 4.4). 4 * 5 ] 29,44,41 lo- 
hexol and iopamidol are non ionic contrast agents that 
have relatively few side effects. 29,4 ** 68 With the horse 
under general anesthesia and in the lateral recumbent 
position, its head is elevated, and approximately 40 ml. 
iopamidol 300 or 370 mg iodine/ml. or iohcxol 300 or 
350 mg iodinc/mL is injected into the subarachnoid 
space at the cisterna magna,' 44 lohexol may produce 
slightly less of an inflammatory reaction than iopamidol 
produces,' but both conrrast agents are relatively safe 
for myelography in the horse. The higher concentration 
contrast material provides better contrast in larger 
horses. 

Lateral cervical radiographs centered over the cranial, 
midcervical, and caudal cervical regions are made with 
the spine in a neutral position, A flexed lateral view is 
then made in the midcervical region, and an extended 
lateral view is made in the caudal cervical region. The 
contrast material can be visualized via ventrodorsal ra¬ 
diographs over the cranial and midcervical regions, but 
because of thickness of the body area, it is usually not 
possible to visualize the contrast material in the caudal 
cervical region of the adult horse. 

On a normal myelogram study, several variations 
need to be noted and not confused with extradural 
lesions. On neutral lateral radiographs, thefe are areas 
of some degree of elevation of the ventral conrrast 
column at each intervertebral disk. On flexed lateral 
radiographs, there is also narrowing of the dorsal sub¬ 
arachnoid space, most frequently at G3-4 and C4—5, 
and the ventral column at these locations appears as 
a thin line. On extended lateral views, rhe dorsal col¬ 
umn does not narrow, and the ventral column is in¬ 
creased in width. 

Most lesions detected via cervical myelograms in the 
horse arc compressive lesions from cervical stenoses, 
eirher bony or ligamentous, or the result of vertebral 
instability (Fig. 4.23). These lesions may cause substan¬ 
tial narrowing, obliteration, or displacement of the con¬ 
trast column. ,4 The most common sites of compression, 
in order of decreasing frequency, are reported to be 
C3-4, C6-7, C5-6, and (‘4-5. 44 Significant compres¬ 
sive lesions have been determined by a 50% or more 
reduction of the dorsal column compared with the thick¬ 
ness of the subarachnoid space cranial to rhe narrow¬ 
ing 41 and narrowing of the dorsal and ventral columns 
by more than 50% in diametrically opposed sites. u - 44 
Other systems for determining significant spinal cord 
compression have also been proposed. 58 *' 9 Misinterpre- 
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tation of myelograms can occur with suboptimal tech¬ 
nique or when the lesion is lateralized and only lateral 
radiographic view's arc made, 

PRINCIPLES OF RADIOGRAPHIC 
INTERPRETATION 

There are three basic steps to radiographic interpreta¬ 
tion: l) evaluating the film and quality of the examina¬ 
tion, 2) reading the radiograph, and 3) formulating a 
radiographic impression, diagnosis, and/or prognosis. 
Film quality should be evaluated by checking film expo¬ 
sure, labeling, collimation, and positioning. This is an 
important step because poor-quality radiographs result 
in missed or improperly diagnosed conditions. A prop- 



Figure 4.23 A. Lateral myelogram of the cervical region, 
showing contrast material in the subarachnoid space and 
narrowing of the ventral column at C3-4. No narrowing of the 
dorsal column (arrows) or significant spinal cord compression is 
present. 8. Flexed lateral myelogram of the cervical region, 
showing ventral and dorsal (arrows) contrast columns narrowed by 
more than 50% and a narrowed spinal cord, suggesting dynamic 
cervical stenosis. C. Lateral myelogram of the cervical region at 
the level of C6-7. showing a static stenosis of the spinal canal on 
the rostral aspect of C7 with narrowing of the dorsal contrast 
column by at least 50% (arrows). 


erly exposed radiograph should have enough film con¬ 
trast latitude to allow observation of bone and soft tissue 
outlines, and the film detail should be sufficient to dem¬ 
onstrate bone trabeculae. 

Positioning should be evaluated by inspecting joint 
space and bone alignment. Poorly positioned studies may 
result from the horse standing with the limb not perpen¬ 
dicular to the ground, the cassette not parallel with the 
limb, or the x-ray tube not perpendicular to the x-ray 
cassette or the part being examined. 

A thorough radiographic examination should be done 
on each part for which pathology is expected from the 
physical examination. The routine examination may 
consist of two to eight views, depending on the part ex¬ 
amined. Sometimes, additional views are needed to bet¬ 
ter define and demonstrate suspected lesions. 
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The second step in radiographic interpretation is read¬ 
ing the radiograph. It the clinician is in a hurry t» make 
a diagnosis, this step may he overlooked or cut short, 
resulting in interpretation;! I errors, A systematic, thor¬ 
ough inspection of the entire film should he done so that 
nothing is missed. Identifying radiographic abnormali¬ 
ties requires a knowledge of both radiographic anatomy 
and radiographic signs of disease. Without a knowledge 
of either, a correct radiographic interpretation is usually 
not made. 

The third step is formulating a radiographic impres¬ 
sion, diagnosis, or differential diagnosis, A knowledge 
of disease pathophysiology and its relationship to radio- 
graphic signs is necessary for this step. Finally, the radio- 
graphic diagnosis should be integrated with other diag¬ 
nostic information, such as history, physical 
examination, and perineural anesthesia results, to arrive 
at a final diagnosis. 

If these basic steps of radiographic interpretation are 
not followed, the clinician may reach erroneous conclu¬ 
sions, leading to a faulty impression, diagnosis, and/or 
prognosis. 

Radiology of Soft Tissue Structures 

Soft tissue changes may he primary pathologic 
changes, secondary to more serious hone changes, or an 
incidental finding of no clinical significance. A bright 
light is helpful for evaluating soft tissue structures radio¬ 
graphically. Fascial planes, tendons, ligaments, and some 
portions of joint capsules may lx* seen because of adi pose 
tissue (fat) within and around these structures. Fat is less 
opaque and appears slightly darker than muscle, skin, 
tendons, or ligaments on a radiograph (Fig. 4.24). Soft 
tissue structures should be evaluated for swelling, miner¬ 
alized opacities, and free gas (radiolucencies). 


Swelling 

Soft tissue swelling in the equine extremity is usually 
caused by inflammation from infection or trauma. The 
soft tissue swelling may he localized or diffuse. Localized 
swelling may be identified radiographically within or 
around joints, tendons, or muscles (Fig. 4.24). Radio- 
graphic signs of soft tissue swelling include an increased 
soft tissue prominence, displacement of fat bodies (adi¬ 
pose tissue) around the joint capsule or tendon sheaths, 
and mottling or obliteration of adipose tissue in fascial 
planes around muscles, joint capsules, or tendons. 

Mineralization 

Soft tissue mineralization in equine limbs may be dys¬ 
trophic or metastatic. Dystrophic mineralization is most 
frequent and is present in damaged tissues after physical, 
chemical, or thermal trauma (Fig. 4.25). Hematomas, 
necrotic, and postinfiammatory foci and cartilaginous 
areas are frequent sites of dystrophic mineralization. 
Calcinosis circumscripta is a form of dystrophic mineral¬ 
ization and is most frequently seen periarticular in the 
horse. Metastatic mineralization occurs in primarily nor¬ 
mal soft tissue from a disturbance in calcium and phos¬ 
phorus metabolism but is seldom observed in the horse. 



Figure 4.24 Lateromedial (LM) view showing the carpal tat 
pads (adipose tissue bodies) as slightty lucent structures in the 
dorsal soft tissues ol the carpus (arrows). They are slightly 
displaced from the dorsal aspect of the antobrachiocarpa! 
(radiocarpal) joinl, indicating joint capsule distension. Most of the 
soft tissue swelling is dorsal to the fat pads, suggesting 
extracapsular soft tissue swelling 


Radiographic signs of soft tissue mineralization in¬ 
clude an amorphous radiopacity within soft tissue struc¬ 
tures, absence of trabecular or cortical bone within the 
radiopacity, indistinct borders with dystrophic mineral¬ 
ization, and well-defined and distinct borders. A round 
“cauliflower-shaped" appearance is usually present with 
calcinosis circumscripta. 


Gas 

(i.is may be present in the soft tissue structures of 
equine limbs as a result of traumatic lacerations, punc¬ 
ture wounds, needle centesis, or gas-producing bacterial 
organisms (Fig. 4.26). Radiographic signs of soft tissue 
emphysema include radiolucent regions within soft tis¬ 
sue structures (the radiolucencies should he differen¬ 
tiated from fat) and a focal accumulation of gas with an 
air-fluid level that occurs with abscesses. 

Soft tissue gas can be identified radiographically in 
subcutaneous tissue, in muscle fascial planes, in intra- 
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Figure 4.25 A Flexed tateromedial (flexed LM) view of the 
carpus, showing a small region of soft tissue mineralization on the 
palmar aspect of the middle carpal joint (arrow). This pattern of 
mineralization is commonly seen as a result of corticosteroid 
injections. B. Lateromedial (LM) view of the metacarpophalangeal 
joint, showing dystrophic mineralization within the superficial digital 
flexor tendon and/or digital sheath (arrows). 


Figure 4.26 Lateromedial (LM) view of the foot, showing soft 
tissue gas as a large radtolucent area (arrows) on the dorsal 
aspect of the foot. 


muscular tissues, and within the joint. Localization of 
soft tissue gas is important diagnostically and prognos- 
tically: Gas within muscle tissue occurs with a gas 
phlegmon; intraarticular gas may be associated with the 
“vacuum phenomenon" when a joint is flexed (of no 
clinical significance); or an air-fluid level within soft tis¬ 
sue may be diagnostic of an abscess. 

Radiology of Bone 

A knowledge of normal radiographic anatomy and 
basic bone response patterns is essenrial for evaluating 
bone structures radiographically in equine limbs. If the 
veterinarian is not familiar with physeal closure and ossi¬ 
fication times of both epiphyses and apophyses in imma¬ 
ture animals, he or she can easily look them up in anat¬ 
omy textbooks. The clinician should be familiar with the 
normal shape of bones and the location and appearance 
of protuberances and fossae in mature animals; this in¬ 
formation is available from standard references. 


Fundamental Patterns of Bone Response 

Bone is limited in its response to disease; therefore, 
the number of bone changes identified on radiographs 
is limited. ! Basic radiographic changes that may be seen 
in equine bones are new bone production (adjacent to 
the cortex or sclerosis within the cortex), localized areas 
of bone lysis, generalized increased bone density, and 
generalized decreased bone densicy. To formulate a cor¬ 
rect diagnosis, the clinician should note fundamental 
bone response patterns and distribution within bones 
and any associated soft tissue changes on equine limb 
radiographs. 

Periosteal Reactions 

The periosteum is stimulated when elevated by hem¬ 
orrhage, pus, edema, or infiltrating neoplastic cells. In 
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Figure 4.27 A laleromedial (LM) 
view of (tie phalanges, showing an 
irregular active penosteal reaction 
(arrows) in the region where the 
common digital extensor tendon and 
joint capsule attach. B. Dorsomedial- 
palmarolaterai oblique (DM-PaLOl' view 
of the proximal phalanx, showing 
smooth, inactive periosteal reaction 
(arrows) where (he middle distal 
sesamoidean ligament attaches. 


the horse* direct trauma* extension of soft tissue infec¬ 
tions* and avulsion of ligaments* tendons, and/or joint 
capsules ire most frequently associated with periosteal 

new hone production. 

Periosteal hone production may be acute or chronic 
(Fig. 4.2~). Acute periosteal hone production has an ir* 
regular, indistinct border and may he continuous or in¬ 
terrupted, laminated or spiculated. Acute periosteal reac¬ 
tion is usually active. Chronic periosteal hone 
production has a smooth, well-defined border; is solid; 
and often blends with the adjacent cortex. This type of 
periosteal reaction is usually inactive and often indicates 
a healed process, such as a healed fracture or previous 
active periosteal hone production that has changed to a 
chronic, probably inactive stage. 

Cortical Changes 

Cortical changes that can be identified radiographs 
calls consist of defects* erosion, lysis, and changes in 
thickness. Cortical defects seen most frequently in equine 
extremities arc caused by fractures. Fractures must he 
differentiated from nutrient foramina* physeal lines, and 
edge enhancement shadows caused by superimposed 
bones (Fig. 4.28). 

Cortical lysis is usually caused by infection and typi¬ 
cally has a punctate pattern. A sequestrum may also he 
associated with a focal area of cortical lysis (Fig. 4.29). 
In such cases, a dense sequestered piece of hone can he 
identified surrounded by a lytic zone, which, in turn, is 
surrounded by hone sclerosis, producing an involucrum. 

Cortical erosion changes can extend from either the 
endosteal or the periosteal surface. In the horse* they are 
most frequent I v encountered adjacent to the periosteal 
surface. 1 rosive changes with an irregular border usually 
result from infiltration into the bone and are most often 
caused by infectious processes. Cortical erosive areas 
with a smooth border are the result of pressure erosion 
(Fig. 4.10)* such as that seen with proliferative synovitis 



Figure 4.28 Dorsomedial - ptantarolateral oblique DM-PILO) 
view of the metatarsus, showing edge enhancement simulating a 
fracture (arrows) where the cortices of the metatarsal bones are 
superimposed. 


in the metacarpophalangeal and metatarsophalangeal 
joints. 

Changes in the cortical width are usually increases 
caused by increased weight hearing. Such changes in cor¬ 
tical width are frequently present with valgus or varus 
limb abnormalities (Fig. 4.31). 

Generalized hone density changes are almost always 
decreased. Decreased bone density is seen secondary to 
disuse of the limb or distal to a fracture. The osteopenia 
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Figure 4.29 A Dorsolateral palmaromedial Oblique (DL-PaMO) 

view of the distal third metacarpal bone, showing a large opaque 
sequestrum (solid arrows) within an invofucrum (open arrows). 
Sclerotic bone forms the walls of the invoiucrum. and smooth 


that develops in these limbs can be recognized radio¬ 
graphically as a coarse primary trabecular pattern with 
thin cortices (Fig. 4.32). There appear to be few, if any, 
reported conditions in the horse that cause generalized 
increased bone density. 

Radiographic Signs (Bone Response Patterns) 

With Osteomyelitis 

Osteomyelitis in equine limbs may be hematogenous 
in origin, resulting from penetrating wounds or open 
fractures. The region affected depends on the source and 
route of infection. Both acute and chronic osteomyelitis 
can be identified radiographically (Figs, 4.29 and 
4.33), 1 It generally takes 7 to 10 days after clinical signs 
of acute osteomyelitis arc observed before the earliest 
detectable radiographic bone changes occur. 

Since osteomyelitis can affect any bone in an equine 
limb and must be differentiated from other focal bone 
lesions, it will be used to illustrate the use of radiographic 
signs or bone response patterns to arrive at a radio- 
graphic diagnosis. Identifying radiographic signs re¬ 
quires close inspection of the radiograph and is an im¬ 
portant step in accurately establishing a specific or 
differential diagnosis. 





periosteal new bone production is external to the sequestrum. 
B. Dorsolateral-plantaromedial oblique (DL-PIMO) view of the 
metatarsus, showing a longitudinal cortical fracture on the third 

metatarsal bone (arrows). 


The following are radiographic signs manifested by 
acute osteomyelitis: 

• Soft tissue swelling adjacent to the bone. This swelling 
is manifested by mottling and obliteration of adipose 
tissue in fascial planes. 

• Periosteal new bone production. This new bone has 
an irregular, indistinct border and parallels the bone 
cortices. Subtle areas of subperiosteal bone lysis may 
be seen in association with the acute periosteal bone 
reaction. These changes are not usually seen until 7 to 
10 days after clinical signs of the disease have been 
observed. As the disease progresses, the periosteal bone 
production parallels the cortex and spreads proximal 
and distal from the original infecrion site. 

• Punctate cortical lysis. The lysis is observed as small 
round lucent areas, 2 to 3 mm in size, within cortical 
bone. These changes usually develop at least 2 to 3 
weeks after the initial infectious insult and arc usually 
seen in association with acute periosteal hone produc¬ 
tion. 

• Areas of bone lysis within the physis, metaphysis, or 
epiphysis w ith little or no bone response. The lysis oc¬ 
curs with septicemic osteomyelitis in young animals. 

Chronic osteomyelitis may have the following radio- 
graphic changes: 
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Figure 4.30 Flexed laleromedial (flexed LM) view of Ibe 
metacarpophalangeal joint, showing changes that indicate chronic 
degenerative joint disease. Note the osteophytes on the joint 
margin of the dorsal proximal first phalanx and the proximal 
sesamoid bones (solid arrows). Smooth cortical reabsorption (open 
arrows) is caused by chronic synovial proliferation tn the proximal 
paima- and dorsal joint pouches. 


• Large cortical defects, some of which may he as large 
as I cm in size 

• Localized increased bone densities (sclerosis), which 
are produced within rhe host bone, e.g., thick cortices, 
and in which a sequestrum sometimes may be identi¬ 
fied within the sclerotic and lytic bone patterns 

• Periosteal bone production, which is usually abundant 
with a well-defined, irregular or smooth border 

It is often impossible to determine radiographically if 
the chronic osteomyelitis is active or inactive. This diag¬ 
nosis is probably best determined by physical examina¬ 
tion. clinical signs, or other imaging techniques, such as 
nuclear scintigraphy. 

Radiology off Synovial Joints 

Radiographic evaluation of joints in the equine limb 
is an important part of the diagnostic workup for lame¬ 
ness and encompasses evaluation of several joint struc¬ 


Figure 4.31 Dorsopalmar (DPa) view of Tbe 
metacarpophalangeal joint, showing a thick cortex on the medial 
side of the proximal phalanx as a result of a varus deformity and 
increased weight bearing through the medial cortex 


tures or areas, including soft tissue structures (both intra- 
capsular and extracapsular), joint margins, subchondral 
bone, the “joint space,’* ligament, tendon, and joint cap 
sulc attachment areas, and joint alignment (Fig. 4.34). 


Normal Joint Structures 

The joint capsule and periarticular soft tissue struc¬ 
tures should not be distended. Fat bodies and adipose 
tissue within muscle fascial planes can be identified 
around some normal joints. Visibility and location of 
adipose tissue may change with swelling, inflammation, 
or joint capsule distension. The normal location and the 
presence of fat bodies vary depending on the joint and 
animal being examined. 

Joint margins are bony regions at the edge of articular 
cartilage that also coincide with the edge of the subchon¬ 
dral bone. Articular cartilage, the periosteum, and the 
joint capsule meet in this region. In rhe normal joint, the 
margins are smooth and blend with the surrounding 


Copyrighted material 








Chapter 4 Equine Diagnostic Imaging 211 



Figure 4.32 Latercmeclial (LM) (A) and dorsopaimar (DPa) (B) 
views of the phalanges, showing changes compatible with septic 
arthritis, namely, penarticutar soft tissue swelling (white arrows), 
marginal lysis (a), subchondral bone lysis (b>, and active periosteal 


bone structures. Subchondral bone is a dense, compact 
bony zone 1 to 3 mm in width and adjacent to the articu¬ 
lar cartilage. The subchondral bone surface adjacent to 
the articular cartilage is smooth and even. 

The so-called “joint space" as seen on a radiograph is 
not an actual space but is composed of articular cartilage 
with a thin layer of synovial fluid between the opposing 
cartilaginous surfaces. It appears black on a radiograph, 
compared with the adjacent white subchondral bone. 
The joint space should be of even thickness throughout 
a specific joint, hut thickness differs from joint to joint, 
e.g., the distal interphalangeal joint space is wider than 
the proximal interphalange.il joint space, which is wider 
than the metacarpophalangeal joint space. 

Ligaments, tendons, and the joint capsule, which at¬ 
tach penarticularly, add stability to the joint. The attach¬ 
ment areas vary with the joint and may be located at 
different distances both proximal and distal to the joint 
margins. It is important to know regions of insertion for 
ligaments and tendons around specific joints. 

The normal subchondral bone surfaces should align 
evenly. Positional changes of the horse or of the x-ray 
tube when the radiograph is made may make a normal 
joint appear slightly mataligned. 


bone reaction (c). Osteoporosis can be seen in the navicular bone 
and distal phalanx in panel A as a prominent trabecular bone 
pattern produced by the remaining primary trabeculae and the 
pencil-line-thin subchondral and cortical bone. 


Radiographic Changes Associated With Joint 
Disease 

The radiographic examination is helpful for evaluat¬ 
ing the type and extent of joint disease. The radiographic 
manifestations of joint disease occur in the soft tissue 
and bone structures and may develop before or after clin¬ 
ical signs of the disease. The bone changes follow clinical 
signs in septic arthritis and may precede or follow clinical 
manifestations with degenerative joint disease. 

Soft tissue changes that may be observ ed radiographi¬ 
cally are periarticular soft tissue swelling, joint capsule 
distension, and mineralization. The location of fat bodies 
(adipose tissue masses) and adipose tissue in fascial 
planes can be used to evaluate periarticular swelling and 
joint capsule distension. Periarticular mineralization 
may be associated with numerous causes but is predomi¬ 
nantly seen in the horse after corticosteroid injections or 
blunt soft tissue trauma. 

Marginal joint changes consist of periarticular osteo¬ 
phyte formation and bone lysis (see Figs. 4.30 and 4.32). 
Marginal periarticular osteophytes are usually associ¬ 
ated with degenerative joint disease, whereas marginal 
bone lvsis is most often seen with septic arthritis. In early 
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Figure 4.33 Dorsopalmar (DPa) view of the 
metacarpophalangeal joint, showing active periosteal reaction 
(solid arrows), cortical lysis (open arrows), and soft tissue swelling 
around the distal third metacarpal bone These changes are 
compatible with acute, active osteomyelitis. 


stages* marginal changes may be subtle, but with ad¬ 
vanced or more severe disease, the changes are easily 
identified. 

Subchondral bone changes consist of sclerosis, lysis, 
and fragmentation (Figs. 4.32, 4.35, and 4.36). Sub¬ 
chondral bone sclerosis may be present with degenera¬ 
tive joint disease, although it seems to be recognized ra¬ 
diographically in only the more pronounced or 
longstanding cases. Subchondral bone lysis can have a 
local or general distribution wirhin the joint and may be 
seen in association with subchondral bone fragments. 
Subchondral bone lysis may be present with septic arthri¬ 
tis, degenerative joint disease, osteochondrosis, or “trau¬ 
matic arthritis.” Localized or general subchondral lytic 
patterns with irregular, indistinct margins are associated 
with septic arthritis. Localized, well-defined lytic lesions 
are seen with osteochondrosis, which may develop into 
subchondral cystlike lesions. Focal subchondral lytic 
areas associated with bone fragments are seen with os¬ 
teochondritis dissecans and traumatic arthritis lesions 
from chronic microfractures in the subchondral bone. 
Traumatic arthritis lesions are usually seen on the dorsal 
surfaces of joints and are caused by hyperextension 
trauma. 



Figure 4.34 Dorsoproximal-distopalmar oblique (D30Pr-DtPaO) 

view of the metacarpophalangeal point, showing the structures that 
should be evaluated around a joint namely, periarticular soft 
tissue (a), joint margins (b), subchondral bone (c). the ' joint 
space" (articular cartilage) (d). areas for ligament and tendon 
attachment, and general joint alignment 


The joint space width may be increased or decreased. 
An increased width may be associated with joint effu¬ 
sion, although in weight-bearing studies, this is seldom 
apparent. An increased joint space associated with sub¬ 
chondral bone lysis can be seen with extensive septic 
arthritis. A decreased joint space, either general or local¬ 
ized within the joint, is associated with cartilaginous ero¬ 
sion and degeneration and occurs predominately with 
degenerative joint disease (Fig. 4.35). 

Periarticular enthesiophytes are usually associated 
with joint capsule, ligament, or tendon damage or avul¬ 
sion from their bony attachments (Fig. 4,35). The enthes¬ 
iophytes (periosteal new bone production) are irregular 
in the acute stages, which distinguishes them from mar¬ 
ginal periarticular osteophytes, and occur at tendinous 
and ligamentous attachment areas. 

Alignment abnormalities may consist of subluxation 
or luxation of a joint or may simply result in art abnormal 
degree of flexion or extension of a joint in a resting posi¬ 
tion. Abnormal joint alignment may be associated with 
ligament laxity and/or injury, tendon injury or con¬ 
tracture, abnormal bone growth, i.e., angular limb de¬ 
formities in foals, and healed malaligned fractures. 
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Figure 4.35 Dorsopalmar (DPa) view ot the proximal 
interphalangeal joint, showing radiographic signs compatible with 
degenerative joint disease. Note the joint space narrowing (black 
arrows) from articular cartilage degeneration and erosion and 
subchondral bone sclerosis The active penarticular periosteal 
bone reaction (white arrows) Is a result of tendon, ligament and 
joint capsule avulsion and tearing. 



Figure 4.36 Caudocranial (CaCr) view ot the stifle, showing a 
subchondral delect (arrows) in the medial femoral condyle that is 
compatible with osteochondrosis. 


Chronic alignment abnormalities predispose the joint to 
degenerative joint disease from abnormal weight bearing 
and stress distribution through the joint. 


Radiographic Changes With Specific Joint 
Conditions 

Degenerative joint disease (osteoarthrosis) is a sec¬ 
ondary condition in the horse (Fig. 4.35). The severity of 
radiographic changes usually correlates with the severity 
and/or duration of the disease process. The following are 
radiographic changes seen in the horse, listed in order 
from most common to least common: 

• Marginal periarticular osteophytes 

• Narrowed joint space, which may involve all or only 
part of the joint; distinct, smooth borders remain on 
the subchondral bone adjacent to the articular carti¬ 
lage 

• Subchondral bone sclerosis 

• Subchondral bone cysts, which occur infrequently as 
sequelae to degenerative joint disease 

Septic arthritis may be hematogenous in origin or re¬ 
sult from extension of an adjacent osteomyelitis or cellu¬ 
litis (Fig. 4.32). The following are radiographic signs of 
septic arthritis: 

• Periarticular soft tissue swelling and joint capsule dis¬ 
tension 

• Marginal bone lysis, which may occur early in the dis¬ 
ease 

• Subchondral bone destruction, w hich may be an exten¬ 
sion from or occur without the marginal lysis 

• Periosteal reactions, which may be adjacent to the joint 
but are generally distributed around the joint; when 
septic arthritis has occurred from extension of an adja¬ 
cent osteomyelitis or cellulitis, the periosteal reaction 
may precede the intraarticular changes 

Osteochondrosis is associated with regions of high 
predilection in specific joints, which should be observed 
when diagnosing the condition. It is caused by defective 
osteochondral development, which usually involves sub¬ 
chondral bone (Fig. 4.36). The following are radio- 
graphic changes present with osteochondrosis: 

• Flattening of the subchondral bone surface 

• Localized subchondral bone defect (lysis) 

• Subchondral bone fragments (dissecans) 

• Secondary degenerative joint disease changes that may 
also be present 

• Subchondral cystlike lesions that may develop second¬ 
ary to osteochondrosis 

Traumatic osteochondrosis or traumatic joint disease 
also manifests with subchondral bone lysis. These lesions 
must be differentiated from true osteochondrosis lesions. 
Areas of predilection for traumatic joint disease are the 
metacarpophalangeal joints (Fig. 4.37) and carpus (Fig. 
4.38). Traumatic osteochondrosis develops from in¬ 
creased weight bearing and stress on a joint surface, re¬ 
sulting in bone sclerosis and eventual microfractures, 
which lead to subchondral bone lysis. Traumatic joint 
disease may also develop after hyperextension injury in 
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Figure 4.38 Traumatic degenerative joint disease from 
hyperextension of the carpus, visible as subchondral bone lysis 
and small bone fragments on live distal articular margin of the 
radial carpal bone (arrows! 


joints such as the carpus, producing microfractures, sub¬ 
chondral hone lysis, and small subchondral bone frag¬ 
ments. The following are signs of traumatic joint disease: 

• Focal subchondral bone lysis with indistinct borders 

• Subchondral bone sclerosis 

• Bone fragments, which may be adjacent to the sub¬ 
chondral bone lysis 

Systematic use of the radiographic signs of bone and 
joint disease discussed in this chapter provide the basis 
for correct, consistent radiographic diagnoses. Without 
close observation of the radiograph for these changes, 
missed or incorrect diagnoses will be made, 

NORMAL RADIOGRAPHIC ANATOMY 

Recognition of normal radiographic anatomy and 
variations of normal in the mature and immature horse 
is essential in equine radiology. Erroneous diagnoses or 
misdiagnoses may result if normal anatomy is not 
known. The normal radiographic anatomy of horse ex¬ 
tremities is presented for reference in the following 
pages. 

Nomenclature of labeling radiographic views of 
equine limbs has been confusing/* Several systems have 
been used or proposed for use. 1 54 The system used here 
is that proposed by the Nomenclature Committee of the 
American College of Veterinary Radiology/ 4 which uses 
proper veterinary anatomic directional terms 21 and de¬ 
scribes the direction in which the central x-ray beam pen¬ 
etrates the body part of interest, from the point of en¬ 
trance to the point of exit (Fig. 4,39). The standard 
abbreviation for the view is given in parentheses in the 
figure legends. 


am0 



Figure 4.39 Cross-sectional diagram at the level of the 
proximal row of carpal bones demonstrating the nomenclature and 
method for labeling radiographic views. Cr. radial carpal bone; Ci, 
Intermediate carpal bone; Cu, ulnar carpal bone; Ca. accessory 
carpal bone. 
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Figure 4.40 Lateromedial (LM) view of the distal phalanges and navicutar bone. a. proximal phalanx; b, middle phalanx; c, distal 
phalanx; d, navicular bone. 


t. Palmar aspect of the medial and lateral condyles on the 
distal extremity of the proximal phalanx. 

2. Transverse bony prominence on the proximopalmar aspect 
of the middle phalanx. 

3. Supenmposed medial and lateral condyles on the 
distopalmar aspect of the middle phalanx. 

4. Articular surface of the navicular bone. 

5. Proximal border of the navicular bone. 

6. Flexor cortex and surface of the navicular bone; the 
medullary cavity (spongiosa) is the less opaque area in the 
center of the navicular bone. 

7. Superimposed medial and lateral proximal parts of the 
palmar process on the distal phalanx. The size of this palmar 
process varies depending on the mineralization and 
ossification of the collateral cartilages. The palmar process 
also superimposes over the navicular bone, sometimes 
creating confusing opacities. 

8. Distal border of the navicular bone, the border of which may 
appear as a distinct ridge or may blend with the contour of 
the navicular bone. Slight obliquity on the lateromedial view 
alters the navicular bone's apparent shape. 

9. Palmar process incisure. 

10. Superimposed distal parts of the medial and Lateral palmar 
processes on the distal phalanx. 


11. Medial and lateral distal (solar) borders of the distal phalanx. 
On oblique projections, these borders may be separated 
farther. 

12. Flexor surface of the distal phalanx, where the deep digital 
flexor attaches. 

13. Semilunar tine on the solar surface of the distal phalanx, 

14. Opaque line representing the bone cortex on the concave 
solar surface of the distal phalanx. 

15. Solar canal of the distal phalanx on end. This canal makes a 
semicircular loop in the distal phalanx, and its visibility 
depends on its size and the x-ray beam angle. 

16. Dorsal surface of the distal phalanx. 

17. Extensor process of the distal phalanx, which may have a 
single, double-humped, or pointed appearance. The surface 
should always be smooth. 

18. Dorsal extent of the distal articular surface on the middle 
phalanx. The slight projection on the articular margin should 
not be mistaken for an osteophyte. 

19. Eminences for collateral ligament attachments from the distal 
interphalangeal joint. They may be prominent or small, but 
their surface should be smooth; they should not be mistaken 
for periosteal bone production. 

20. Extensor process of the middle phalanx. 

21. Distal dorsal articular surface of the proximal phalanx. 
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Figure 4.41 Dorsoproxlmat-palmarodistal oblique (D30Pr-PaDiO) view of the distal phalanges and navicular bone (toot), a. proximal 
phalanx; b, middle phalanx; c. navicular bone (distal sesamoid bone); d, distal phalanx. 


1. Medial and lateral eminences on the distal extremity of the 
middle phalanx for attachment of collateral ligaments. 

2 . Medial and lateral depressions for attachment of collateral 
ligaments. 

3. Proximal palmar border of the middle phalanx. 

4. Articular cartilage thickness in the proximal interphalangeal 
joint space, which is approximately half the thickness of the 
articular cartilage in the distal interphalangeal joint. 

5. Medial and lateral eminences for ligamentous and tendinous 
attachments on the proximal palmar aspect of the middle 
phalanx. 

6. Proximal border of the navicular bone, which is seen with the 
least amount of distortion on this view. It should be straight, 
smooth, and distinct. 

7. Dorsal eminences on the medial and lateral aspects of the 
middle phalanx for attachment of the collateral ligaments of 
the distal interphalangeal joint. 

8. Medial extremity of the navicular bone, which is slightly more 
rounded in appearance than the lateral extremity. 

9. Proximal pari of the medial palmar process on the distal 
phalanx. 


10. Medial aspect of the distal articular surface on the middle 
phalanx. 

11. Proximal articular surface of the distal phalanx; palmar and 
dorsal borders. 

12. Fossa on the palmar medial surface of the distal phalanx. 

13. Distal palmar border of the navicular bone, which cannot be 
adequately evaluated on this view because of 
superimposttion over the distal interphalangeal joint. 

14. Extensor process for the distal phalanx. 

15. Fossa on palmar lateral surface of the distal phalanx. 

16. Proximal part of the lateral palmar process, the size of which 
depends on the extent of ossification in the cartilages of the 
distal phalanx. Separate ossification centers may occur In 
this region and should not be mistaken for fracture 
fragments, 

17. Lateral extremity of the navicular bone, which has a sharper 
angled appearance than the medial extremity. 

18. Proximal articular surface (articular fovea) of the middle 
phalanx. 

19. Distal articular surface of the proximal phalanx. 
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Figure 4.42 Palmarodistal oblique <D60Pr-PaD*O) view of the distal phalanx and navicular bona (foot). This view is used extensively tor 
evaluating the navicular bone. Position and exposure are critical for optimal visualization, a, proximal phalanx; b, middle phalanx; c, 
navicular bone (distal sesamoid bone); d, distal phalanx . 


1. Distal articular surface of the proximal phalanx. 

2. Proximal articular surface of the middle phalanx. 

3. Proximal border of the flexor surface on the navicular bone. 

4. Proximal border of the articular surface on the navicular 
bone, which often looks indistinct and slightly irregular on this 
view because of the projection angle of the x*ray beam. 

5. Distal part of the medial and lateral palmar processes. 

6. Proximal part of the mediaf and lateral palmar processes. 

7. Groove on the distal navicular bone between the flexor and 
articular margins. Vascular foramina ate in this groove. 


0. Palmar articular margin of the distal phalanx. 

9. Distal margin on the navicular bone, 
to. Distal margin of the flexor surface on the navicular bone. 

11. Medial and lateral parietal sulci on the distal phalanx. 

12. Distal articular surface of tte middle phalanx. 

13. Articular border of the distal phalanx. 

14. Medial and lateral solar grooves on the solar surface of the 
distal phalanx. 

15. Solar canal. 

16. Extensor process of the distal phalanx. 
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Figure 4*43 Palmaroproximal-palmarodistal oblique (Pa4SPr-PaDiO) view of the distal phalanx and navicular bona (foot). This view 
shows the navicular bone with minimal superimposition over other bones. The angle of the x-ray beam and exposures are critical for 
eliminating projection artifacts, e g., lack of good cortical and medullary cavity definition or superimposition of the distal phalanx over the 
navicular bone. 


1. Palmar border of the middle phalanx. 

2. Distal medial condyle of the middle phalanx. 

3. Articulation between the navicular bone and the middle 
phalanx. 

4. Medial and lateral extremities of the navicular bone. 

5. Central eminence on the flexor surface of the navicular bone. 

6. Collateral (paracureal) sulci of the frog. 

7. Semilunar line on the solar surface of the distal phalanx. 


8. Medial and lateral aspects of Ihe solar border of the distal 
phalanx. 

9. Distal part of the medial and lateral palmar processes. 

10. Flexor surface of the navicular bone. 

11. Cortical bone on the flexor surface of the navicular bone. 

12. Medullary (spongtosa) cavity of the navicular bone. 

13 Articular surface of the navicular bone. 

14. Palmar articular border of the distal phalanx. 
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Figure 4.44 Dofsoproximai-palmarodtstal oblique (D60Pr-PaDtO) view of the distal phalanx (foot) The x-ray beam for this view is 
centered at the coronet, and the exposure is half that necessary for visualizing the navicular bone, a. navicular bone (distal sesamotd 
bone); b, middle phalanx; c, distal phalanx. 


1. Proximal part of the medial and lateral palmar processes 

2. Distal part of the medial and lateral palmar processes. 

3. Palmar articular margin of the distal phalanx 

4. Medial and lateral parietal sulci of the distal phalanx 

5. Distal articular surface of the middle phalanx. 

6. Proximal dorsal margin of the articular surface of the distal 
phalanx. 

7. Borders of the medial and lateral solar grooves. 

8. Medial and lateral solar foramina. 

9. Solar canal, the width and distinctness of which are variable 
in normal distal phalanges. 

10. Flexor surface of the distal phalanx, where the deep digital 
flexor tendon attaches. 


11. Vascular canals in the region of the solar canal. 

12. Penpheral vascular canals. The vascular canals may be of 
variable width in normal distal phalanges The peripheral 
solar border of the distal phalanx should be relatively smooth 
and symmetrical, although a slightly irregular peripheral 
border may be considered normal In older animals. 

13. Distal solar margin of the distal phalanx, The normal distal 
border of the distal phalanx may be convex or have some 
degree of concavity- A middistal notch, when present, is the 
crena margin® Solaris. 
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Figure 4.45 Dorsomediai-palmarolateral oblique (D35MPaLOi view of the phalanges a, proximal phalanx; b. middle phalanx; 
C, navicular bone: d. distal phalanx 


1. Medtopalmar and dorsolateral cortices of the proximal 
phalanx 

2. Medullary cavity ot the proximal phalanx, which can 
sometimes be distinctly seen as a 2- to 3-cm lucency in the 
center of the proximal phalanx. 

3. Surface for attachment ot the middle (oblique) distal 
sesamordean ligament 

4. Sagittal ndge on the proximal articular surface of the middle 
phalanx 

5. Eminences for attachment of the medial and lateral collateral 
ligaments of the proximal interphalangeai joint on the distal 
aspect of the proximal phalanx 

6. Palmar border of the articular fovea on the base of the 
middle phalanx. 

7. Medial and lateral condyles on the distal aspect of the 
proximal phalanx. 

0. Articular fovea on the base of the middle phalanx. 

9. Medial proximal eminence tor attachment of the medial 
collateral ligament and the medial branch of the tendon ot 
the superficial digital flexor on the middle phalanx 

to Sagittal ndge between the fovea on the base of the middle 
phalanx 


11. Proximal border of the navicular bone 

12. Distal medial condyle of the middle phalanx, 

13. Medial extremity of the navicular bone. 

14. Proximal part of the medial palmar process of the distal 
phalanx 

15. Palmar border of the articular surface on the distal phalanx 

16. Distal part of the medial palmar process of the distal 
phalanx. 

17. Medial and lateral aspects of the coronary border of the 
articular surface on the distal phalanx 

18. Solar border ot the distal phalanx 

19. Depression and bony prominence on the lateral parietal 
surface of the distal phalanx for lateral collateral ligament 
attachment The bony prominence has a smooth surface and 
should not be mistaken for bone production. 

20. Extensor process of the distal phalanx. 

21. Eminence on the dorsal surface of the middle phalanx for 
collateral ligament attachment, which has a smooth surface 
and should not be mistaken for penosteal bone production 

22. Dorsolateral articular border on the middle phalanx. 
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Figure 4.46 Lateromedial (LM) view of the metacarpophalangeal joint, a. third metacarpophalangeal bone; b. proximal sesamoid bones; 
C, proximal phalanx 


1. Sagittal ridge on the distal extremity of the third metacarpal 8. 

bone, 

2. Apex of the supenmposed proximal sesamoid bones. 

3. Articular surface of the proximal sesamoid booes 9. 

4. Articular surface of the supenmposed medial and lateral 
condyles of the third metacarpal bone. 

5. Supenmposed base of the proximal sesamoid bones. 10. 

6. Transverse ndge on the distal articular surface of the third 

metacarpal bone, which divides the distal metacarpal 11. 

articular surface into dorsal and palmar areas It varies in 

size and visibility. 12. 

7. Supenmposed medial and lateral articular fovea of the 
proximal phalanx. 


Superimposed medial and lateral tuberosities on the proximal 


caudal aspect of the proximal phalanx for ligamentous 
attachment 

Sagittal groove on the proximal articular surface of the i 

proximal phalanx, which articulates with the sagittal ridge of it 

the third metacarpal bone. J 

Midpalmar surface of the proximal phalanx located between I 

the lateral and medial tuberosities. I 

Palmar surface of the proximal phalanx, where the middle I 

(oblique) distal sesamoidean ligament attaches. I 

Superimposed medial and lateral bony eminences for l 

attachment of the extensor tendon on the proximal phalanx. i 


l 

i 

l 

I 

I 
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Figure 4.47 Flexed lateromedial (flexed LM) view of the metacarpophalangeal joint. This view allows the most effective evaluation of 
the articular surface of the sesamoid bones, offers good visualization of small articular basilar sesamoid fractures and changes, and 
provides a distinct view of the proximal tuberosities. Furthermore, the dorsal articular surface of the third metacarpal bone can be 
evaluated without supenmposition of the proximal phalanx, a, third metacarpal bone: b. proximal sesamoid bones: c, proximal phalanx. 


t. Apex of the superimposed proximal sesamoid bones. 

2. Superimposed articular surfaces of the proximal sesamoid 

bones. 9. 

3. Bases of the superimposed proximal sesamoid bones 

4 Superimposed medial and lateral tuberosities on the proximal 10 

caudal aspect of the proximal phalanx, where ligamentous 
attachments occur. 11. 

5. Sagittal ridge on the distal articular surface of the third 
metacarpal bone; the dorsal and palmar aspects are labeled 

6. Mtdpalmar surface of the proximal phalanx, located between 12. 

the medial and lateral tuberosities 

7. Palmar and dorsal aspects of the superimposed medial and 13. 

lateral condyles of the third metacarpal bone. 

8. Sagittal groove on the proximal articular surface of the 


proximal phalanx, which articulates with the sagittal ridge on 
the distal third metacarpal bone. 

Superimposed fovea (articular surface) of the proximal 
extremity of the proximal phalanx. 

Superimposed medial and lateral parts of the extensor 
eminence of the proximal phalanx. 

Transverse ndge on the distal articular surface of the third 
metacarpal bone, which separates Ihe distal articular surface 
of the third metacarpal bone into dorsal and palmar parts. 
Bony depression where the proximal dorsal recess from the 
metacarpophalangeal joint is located 

Bony depression where the proximal palmar recess from the 
metacarpophalangeal joint is located 
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Figure 4.48 Dorsoproxtmai-palmarodistal (D30Pr-PaDi) view of the metacarpophalangeal joint, a, third metacarpal bone; b. lateral 
proximal sesamoid bone; c, medial proximal sesamoid bone; d, proximal phalanx. 


1. Peripheral abaxial margins of the proximal sesamoid bones. 
The peripheral margin of the medial proximal sesamoid bone 
is more convex than that of the lateral proximal sesamoid 
bone. 

2. Abaxial margin of the articular surfaces of the medial and 
lateral proximal sesamoid bones. 

3. Eminence for attachment of the lateral collateral ligament. 

4. Depression on the medial and lateral aspects of the third 
metacarpal bone, where collateral ligaments attach 

5. Sagittal ridge on the distal articular surface of the third 
metacarpal bone 

6. Medial and lateral palmar margins of the articular fovea on 
the proximal extremity of the proximal phalanx 


7. Medial and lateral dorsal margins of the articular fovea on 
the proximal extremity of the proximal phalanx. 

8 Medial and lateral condyles (articular surface) of the third 
metacarpal bone. 

9. Articular fovea on the proximal extremity of the proximal 
phalanx 

10. Medial and lateral palmar tuberosities on the proximal 
extremity of the proximal phalanx for ligament attachment. 

11. Sagittal groove on the proximal articular surface of the 
proximal phalanx. 

12. Bony ridges on the palmar surface of the proximal phalanx 
for attachment of the middle (oblique) distal sesamoidean 

ligament. 

13. Medullary cavity in the proximal phalanx. 
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Figure 4.49 Don&tateral^rnaromedial oblique (D45L*PaMO) view of the metacarpophalangeal joint, a, third metacarpal bona; b. 
medial proximal sesamoid bone; c. lateral proximal sesamoid bone; d, proximal phalanx. 


1. Articular surface of the lateral proximal sesamoid bone. 

2. The difference in radiographic opacity is caused by a 
difference in bone thickness on the lateral proximal 
sesamoid bone. The base and body are more opaque 
than the apex and peripheral border. The convex shape 
on the abaxial surface produces the distinct line between 
the two opacities 

3. Palmar surface of the lateral condyle distal aspect of the 
third metacarpal bone. 

4. Palmar and dorsal aspects of the sagittal ridge on the 
distal third metacarpal bone. 

5. Junction of the penpheral and basilar margins of the 
medial proximal sesamoid bone. 

6. Lateral articular fovea of the proximal extremity of the 
proximal phalanx. 

7.8. Lateral and medial tuberosities on the proximal palmar 
aspect of the proximal phalanx. 

9. Lateral bony ridge for attachment of the middle (oblique) 
distal sesameidean ligament. 

10. Sagittal groove on the proximal articular surface of the 
proximal phalanx. 


11. Medial articular fovea of the proximal extremity of the 
proximal phalanx. 

12 Basilar margin of the medial proximal sesamoid bone. 

13,14. Medial and lateral dorsal margins of the articular fovea on 
foe proximal phalanx. Both margins are visible on 
correctly exposed and positioned oblique views of the 
metacarpophalangeal joint. 

15. Depression (concave surface) for attachment of the 
medial collateral ligament on the distal third metacarpal 
bone. The visibility and distinctness of the concave line 
change on different projections. It may be more prominent 
on some examinations and not visible on others. 

16. Abaxtal articular margin of the medial proximal sesamoid 
bone. 

17. Dorsal aspect of the medial condyle on die third 
metacarpal bone. 

18. Eminence on the third metacarpal bone for attachment of 
the medial collateral ligament. 
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Figure 4.50 Lateroproximodorsal-mediodistopalmar oblique iL20Pr20D MDiPaOi view of the fetlock, a, third metacarpal bone; b. 


proximal phalanx. 

1. Medial proximal sesamoid bone. 

2. Peripheral margin of the lateral proximal sesamoid bone. 

3. Medial proximal palmar border of the proximal phalanx. 

4. Lateral condyle of the third metacarpal bone. 

5. Lateral palmar eminence of the proximal phalanx. 

6. Lateral condyle (articular surface) of the third metacarpal 
bone. 

7. Lateral articular fovea of the proximal phalanx. 

8 Bony ridge for attachment of the middle (oblique) distal 
sesamiodean ligament. 


9. Sagittal grove on the proximal articular surface of the 
proximal phalanx. 

10. Distal surface of the sagittal ridge of the third metacarpal 
bone. 

11. Medial articular margin of the articular fovea on the proximal 
phalanx. 

12. Dorsal border of the medial condyle of the third metacarpal 
bone. 
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Figure 4.51 Lateroproxima l-dislomedtal oblique (L45P-DiMO) view of the fetlock, a, third metacarpal bone; b, proximal phalanx; c, 
medial proximal sesamoid bone; d. lateral proximal sesamoid bone. 

1. Abaxial surface of the medial proximal sesamoid bone. 5. 

2 . Palmar surface of the sagittal ndge of the third metacarpal 6. 

bone 7 

3. Medial proximal border of the proximal phalanx. 

4. Lateral palmar eminence of the proximal phalanx 


Lateral condyle of the third metacarpal bone. 

Proxrmal medial surface of the proximal phalanx 

Dorsal border of the medial condyle on the third metacarpal 

bone 
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Figure 4,52 Lateromedial (LM) view of the metacarpus, a. third metacarpal bone. 


1. Articulation between the second carpal and the second 
metacarpal bone. 

2. Proximal palmar surface of the third metacarpal bone, where 
the suspensory ligament (interosseus muscle) attaches. The 
nutrient foraman is frequently present on the palmar surface 
of the third metacarpal bone at approximately the junction of 
the proximal and middle thirds; it may be mistaken for a 
nondisplaced cortical fracture. 

3. Palmar surface of the second metacarpal bone. 


4. Palmar aspect of the fourth metacarpal bone. The 
superimposition of the cortices on the metacarpal bones 
produces longitudinal lucent lines that may be mistaken for 
longitudinal fractures. 

5. Medullary cavity of the third metacarpal bone. 

6- Dorsal cortex of the third metacarpal bone, which is fusiform 
in shape, i.e., thick in the center and thin toward both 
extremities. 

7. Metacarpal tuberosity. 
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Dorsopatmar (DPa) view of the metacarpus, a. third metacarpal bone; b. fourth metacarpal bone; c. second metacarpal 


Figure 4.53 

bone. 

1 J2~ Dorsal and palmar aspects, respectively, of the 
articulation between the third carpal and the third 
metacarpal bone. 

3. Articulation between the second carpal and the second 
metacarpal bone. 

4. Articulation between the second and third metacarpal 
bones. 

5. Medtoproximal border of the third metacarpal bone. 

6,7. Abasia! and axial borders, respectively, of the second 

metacarpal bone. 

8. End-on view of the nutrient foramen on the palmar surface 
of the third metacarpal bone. 


9,10. Distal extent of the second and fourth metacarpal bones. 
The normal shape and position of these bones may be 
variable. The positions may vary in an axial or abaxiaJ 
direction and In a proximal or distal direction. 

11,12. Axial and abaxial borders of the fourth metacarpal bone. 

13. Lateral border of the third metacarpal bone. 

14. Articulation between the third and fourth metacarpal 
bones. 

15. Articulation between the fourth carpal and the fourth 
metacarpal bone. 
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view of the metacarpus, a, fourth metacarpal bone: b, second 


Figure 4.54 Dorsomedial-palmaroJateraf oblique (D55M-PaLO) 
metacarpal bone; c, third metacarpal bone. 

t. Articulation between the second carpal and the second 
metacarpal bone. 

2. Proximal palmar medial angle of the third metacarpal 
bone. 

3. Junction between the second and third metacarpal bones. 
4,5. Palmar and dorsal borders, respectively, of the second 

metacarpal bone. 

6. Nutrient foramen on the palmar surface of the third 
metacarpal bone 


7,8, Distal ends of the second and fourth metacarpal bones, 
respectively 

9. Dorsolateral cortex of the third metacarpal bone. 

10.11. Palmar and dorsal surfaces, respectively, of the fourth 
metacarpal bone. 

12. Articulation between the fourth carpal and the fourth 
metacarpal bone. 

13. Articulation between the third carpal and the third 
metacarpal bone, 
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Figure 4.SS Dofsofateral-paimaromedial oblique (DSSL-PaMOt view of the metacarpus, a, fourth metacarpal bone; b, second 
metacarpal bone; c, third metacarpal bone. 


1. Articulation between the third carpal and the third 
metacarpal bone. 

2. Articulation between the second carpal and the second 
metacarpal bone. 

3. Metacarpal tuberosity on the dorsomedtal surface of the 
proximal extremity of the third metacarpal bone 

4.5. Dorsal and palmar borders, respectively, of tie second 
metacarpal bone. 

6. Dorsomedtal cortex of the third metacarpal bone. The 
dorsal cortex is normally thick, and the periosteal surface 
of the cortex should be straight and smooth. 

7.6. Distal ends of the second and fourth metacarpal bones, 
respectively, which vary in size, shape, and positron. 


9. Nutrient foramen on the patmar surface of the third 
metacarpal bone, which may be prominent or not 
visualized, depending on Its size amt the projection. 

10,11. Dorsal and palmar borders, respectively, of the fourth 
metacarpal bone. 

12. Articulation between the third and fourth metacarpal 
bones, the visualization of which depends on the incident 
angle of the primary x-ray beam. 

13. Proximal-palmar-tateral angle of the third metacarpal 
bone. 

14. Articulation between the fourth carpal and foe third 
metacarpal bone. 
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Figure 4.S6 LateromediaJ (LM) view of the carpus. The relative positions of the bony ridges of the distal cranial radius depend on the x- 
ray beam projection angle, a, radius; b, accessory carpal bone; c, third metacarpal bone. 


1. Transverse crest, which projects caudad from the 
closed distal radial physis. 

2. Lateral facet of the radial trochlea (lateral styloid 
process), which articulates with the ulnar carpal bone, 

3. Medial facet of the radial trochlea (medial styloid 
process), which articulates with the radial carpal bone. 

4. Intermediate facet of the radial trochlea, which 
articulates with the intermediate carpal bone. 

5. Tuberosity from the proximal palmar aspect of the 
intermediate carpal bone. 

6-8. Closely superimposed palmar borders of the 
intermediate, radial, and ulnar carpal bones, 
respectively. Their positions may change with slight 
changes in angulation of the x-ray tube or the horse's 
limb. 

9,10,12. Palmar borders of the third, second, and fourth carpal 
bones, respectively. 

11. First carpal bone, which sometimes is not present. 

13-15. Proximal palmar borders of the second, fourth, and 
third metacarpal bones, respectively. 


16, Carpometacarpal joint, 

17,18.20. Dorsal border of the second, third, and fourth carpal 
bones, respectively (distal row of carpal bones). 

19, T ransverse ndge on the dorsal border of the third 
carpal bone, which projects with varying degrees of 
prominence In each horse- 

21. Midcarpal joint. 

22-24. Dorsal border of the radial, Intermediate, and ulnar 
carpal bones, respectively (proximal row of carpal 
bones). 

25. Antebrachiocarpal (radiocarpal) joint. 

26. Lateral bony ridge of the distal cranial radius, adjacent 
to the common digital extensor tendon. 

27. Bony ridge of the distal cranial radius, adjacent to the 
medial border of the extensor carpi radialis tendon. 

28. Bony ridge of the distal cranial radius between the 
common digital extensor tendon and the extensor carpi 
radialis tendon. 
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Figure 4.57 Flexed lateromedial (flexed LM) view of the carpus. The size and shape of the first and fifth carpal bones may vary, and 
sometimes the bones are absent. The palmar borders of the carpal and metacarpal bones are closety superimposed in this view, and their 
positions may vary slightly with x-ray tube angulation and/or the horse's limb position. Projection of the bony ridges and facets of the radial 
trochlea may vary with the position of the limb and the angle of the x-ray beam a, radius; b, accessory carpal bone; c, third metacarpal 


bone. 

1. Transverse crest, which projects from the caudal aspect 
of the closed distal radial physis. 

2. Ridges produced by the caudal aspect of the medial 
(medial styloid process) and lateral (lateral styloid 
process) parts of the radial trochlea. 

3-5. Palmar borders of the radial. Intermediate, and ulnar 
carpal bones, respectively, 

5. First carpal bone 

7-9. Palmar borders of the fourth, third, and second carpal 

bones, respectively 

10-12. Proximal palmar borders of the second, fourth, and third 
metacarpal bones, respectively. 

13. Metacarpal tuberosity which may vary in prominence- 

14. Carpometacarpal joint. Numerous joint space lines are 
produced by the irreguiar contour of the bones forming 
this joint. 

15-17. Dorsal borders of the second, third, and fourth carpal 
bones, respectively. The proximal dorsal aspect of the 
fourth carpal bone (17) projects proximal to the third 
carpai ;x>ne (16) on the flexed lateral view. 


IB. Middle carpai joint. 

19-21. Dorsal borders of the radial, ulnar, and intermediate 
carpal bones, respectively. The dorsal borders of the 
radial (19) and intermediate (21) carpal bones are closely 
superimposed and may vary slightly, The intermediate 
carpal bone usually projects proximal to the radial carpal 
bone on the flexed lateral view. 

22 Antebrachiocarpal (radiocarpal) joint, 

23. Intermediate facet of the radial trochlea, which articulates 
with the intermediate carpal bone (21). 

24,25. Medial and lateral borders, respectively, of the radial 
trochlea. 

26 Lateral bony ridge adjacent to the lateral border of the 
common digital extensor tendon. 

27. Bony ndge adjacent to the medial border ol the extensor 
carpi radtalts. 

28. Bony ndge between the lateral digital extensor tendon 
and the extensor carpi radialis tendon. 
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Figure 4.58 

1. Physeal scar In the distal extremity of the radius after 
physeal closure. 

2. Caudolateral border of the medial facet (medial styloid 
process) on the radial trochlea. 

3. Depressions in the medial and lateral styloid processes for 
attachment ol medial and lateral collateral ligaments. Their 
appearances and apparent depths can change with a 
slight obliqueness of the lirnb. 

4. Cranial articular margin on the distal radius. 

5. Antebrachiocarpal (radiocarpal) joint. 

6. Medial facet (medial styloid process) on the distal radial 
trochlea, which articulates with the radial carpal bone (7 
and 8). 

7.8. Medial and lateral borders, respectively, of the radial 
carpal bone. 

9. Midcar pal joint. The different levels of the Joint space are 
the resuft of many bones forming the articular surfaces 
and of slight angulation of the x-ray tube or position of the 
horse's limb. 

10. Medial border of the second carpal bone 

11. Dorsomedtal border of the third carpal bone. 

12. First carpal bone superimposed over the second and third 
carpal bones. 

13. Lateral border of the second carpal bone. 

14,15. Palmar and dorsal aspects, respectively, of the 

carpometacarpal joint space. 


Proximomedial borders of the second and third 
metacarpal bones, respectively. 

18. Articulation between the second and third metacarpal 
bones. 

19. Articulation between the third and fourth metacarpal 
bones. 

20,21, The lateral borders of the third and fourth metacarpal 
bones, respectively. 

22. Lateral border of the fourth carpal bone 

23. Medial border of the palmar process on the third carpal 
bone. 

24. Medial border of the fourth carpal bone. 

25. Dorsolateral border of the third carpal bone. 

26. Lateral border of the palmar process on the third carpal 
bone. 

27,28. Lateral borders of the ulnar and intermediate carpal 
bones, respectively. 

29. Medial border of the ulnar carpal bone. 

30. Lateral border of the accessory carpal bone. 

31. Lateral border of the palmar tuberosity on the intermediate 
carpal bone. 

32. Medial border of the intermediate carpal bone. 

33. Concave medial surlace of the accessory carpal bone. 


Dorsopaimar (DPa) view of the carpus, a, radius; b, third metacarpal bone. 

16,17, 
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1. Physeal scar remaining after distal radial physeal closure. 

2. Caudal aspect of tne intermediate facet on the radial 

trochlea. 

3. Caudal aspect of the medial facet (medial styloid 

process) on the radial trochlea. 

4. Cranial articular margin on the radial trochlea. 

5. Dorsomedial aspect of the antebrachiocarpal 

(radiocarpal) joint. 

6-8. Dorsomedial borders of the radial, intermediate, and 
ulnar carpal bones, respectively. 

9. Tubercles on the palmar surface of the radiocarpal bone 

10. Dorsomedial aspect of the midcarpal joint. 

11. Dorsomedial border of the second carpal bone. 

12. Transverse ridge on the dorsomedial border of the third 
carpal bone. 

13. First carpal bore, which is difficult to see on this view 

because of superimposition 

14,15. Medial and dorsal aspects, respectively, of the 

carpometacarpal joint. The multiple joint spaces are 
associated with the carpometacarpal joint and vary in 

appearance on different projection angles. 


Dorsomedial borders of the third and second metacarpal 
bones, respectively. 

18. Palmarolateral border of the second metacarpal bone. 

19. Dorsomedial border of the fourth metacarpal bone. 

20, 21. Palmarolateral borders of the third and fourth metacarpal 
bones, respectively. 

22. Palmarolateral aspect of the carpometacarpal joint 
between the fourth carpal bone and the third and fourth 
metacarpal bones. 

23. Palmar aspect of the carpometacarpal joint between the 
third carpal and the third metacarpal bone 

24. Tubercle on fhe palmarolaferal border of the fourth carpal 
bone. 

25.26. Palmarolateral borders of the third and second carpal 
bones 

27. Dorsomedial border of the fourth carpal bone. 

28-30 Palmarolateral borders of the ulnar, intermediate, and 
accessory carpal bones, respectively. 

31. Lateral facet (lateral styloid process) on the radial 
trochlea, 

32 Medial, concave surface of the accessory carpal bone. 


Flgur* 4.59 Dorsolateral-paImaromedial oblique (D45L-PaMO) view of the carpus, a, radius; b, fourth metacarpal bone; C, third 
metacarpal bone. 

16,17. 
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Figure 4.60 Dorsomedial-palmarolateral oblique <D30M-PaLO) view ot the carpus The relative positions ol the bony ridges on the 
distocranial aspect of the radius change slightly with different x-ray beam projections, a. radius; b. third metacarpal bone; c. accessory 
carpal bone. 


1. Bony projection from the mediocaudal surface of the 
radius. 

2. Transverse crest proximal to the lateral facet (lateral 
styloid process) of the radial trochlea 

3. Indentation proximal to the medial facet (medial styloid 
process) of the radial trochlea. 

4. Proximal border of the accessory carpal bone 

5. Caudal borders of the lateral and intermediate facets of 
the radial trochlea superimposed. 

6. Proximal articular surface of the accessory carpal bone 

7. Pafmaromedia! border of the intermediate carpal bone. 

8. Medial facet (medial styloid process) of the radial 
trochlea. 

9. Palmaromedlat border of the ulnar carpal bone. 

10. Distal articular surface of the accessory carpal bone 
11-14. Palmaromedial borders of the radial, second, third, and 
fourth carpal bones, respectively, 

15. First carpal bone. 

16. Carpometacarpal articulation between the third carpal 
and the third metacarpal bone. 

17. Carpometacarpal articulation between the second carpal 
and the second metacarpal bone 

18-20. Palmaromedial borders ol the third, second, and fourth 
metacarpal bones, respectively. 


21-23. Dorsolateral borders of the second, fourth, and third 
metacarpal bones, respectively. 

24. Carpometacarpal articulation between the fourth carpal 
and the fourth metacarpal bone 

25 Carpometacarpal articulation between the fourth carpal 
and the third metacarpal bone. 

26. Carpometacarpal articulation between the third carpal 
and the third metacarpal bone. 

27. Palmaromedial border of the third carpal bone. 

28-30. Dorsal borders of the second, third, and fourth 

metacarpal bones, respectively. 

31. Dorsolateral aspect of the midcarpal joint. 

32-34. Dorsal borders of the intermediate, ulnar, and radial 
carpal bones, respectively The relative position and 
appearance of these borders may change with slight 
projection differences of the x-ray beam. 

35. Antebrachiocarpal (radiocarpal) joint. 

36. Bony ridge forming the medial border of the groove for 
the common digital extensor tendon. 

37. Bony ridge along the lateral border of the extensor carpi 
radtalis tendon. 

38. Bony ridge between the grooves for the common digital 
extensor and extensor carpi radialis tendons. 
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Figure 4.61 Flexed dorsoproximai-dorsodistai oblique (flexed DSOPr-DDiO) view of the distal radius 


1. Tuberosity on the distomedial aspect of the radius for 
attachment of the medial collateral ligament. 

2. Junction between the radial and intermediate carpal bones 

3. Dorsal border of the radial carpal bone 

4. Dorsoproximal border of the radial carpal bone. 

5. Medial facet (medial styloid process) of the radial trochlea. 
€. Intermediate facet ol the radial trochlea. 

7. Dorsal border of the intermediate carpal bone. 


8. Dorsal articular margin of the radial trochlea. 

9 Dorsal border of the ulnar carpal bone. 

10. Junction between the ulnar and intermediate carpal bones. 

11. Tuberosity on the distal lateral radius for attachment of the 
lateral collateral ligament. 

12. Lateral border of the accessory carpal bone. 

13. Proximolatera! border of the fourth metacarpal bone. 
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Figure 4.62 Flexed dorsoproximal-dorsodistal oblique (Hexed D55Pf-DOiO) view of Hie proximal carpal bones The position of the distal 
extremity of the radius relative to the proximal carpal bones varies with the position of the horse's limb and the angulation of the primary x- 
ray beam Slight changes in either may cause different degrees of superimpositton of the radius and carpal bones 


1. Medial border of the second metacarpal bone. 

2. Tuberosity on the distomedial aspect of the radius for 
attachment of the medial collateral ligament. 

3. Dorsal border of Hie radial carpal bone. 

4. Proximopalmar border of the intermediate carpal bone. 

5. Dorsal border of the intermediate carpal bone 

6. Radial trochlea 


7. Dorsolateral border of the ulnar carpal bone. 

8 Palmarodistal border of the intermediate carpal bone. 

9. Proximal aspect of the fourth metacarpal bone. 

10. Lateral tuberosily on the distal extremity of the radius tor 
attachment of the lateral collateral ligament. 

11. Accessory carpal bone. 
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Figure 4.63 Flexed dorsoproximal-dorsodistal oblique (Flexed D30Pr-DDiO) view of the distal carpal bones. The apparent shape of the 
third carpal bone may be changed by x-ray tube angulation and the position of the horse s limb and may appear more elongated than 
shown here. The dorsal cortex and medullary cavity should be evident on the medial aspect of the normal third carpal bone if property 
positioned. 


1. Medial tuberosity on the distal radius for attachment of the 
medial collateral ligament. 

2. Medial border of the third metacarpal bone. 

3. Medial border of the second metacarpal bone. 

4. Second carpal bone. 

5. Dorsal border of the third carpal bone 

6. Superimposed dorsal border of the proximal carpal bones 
and the third metacarpal bone 


7. Fourth carpal bone. 

8. Lateral border ol the accessory carpal bone. 

9. Lateral aspect (lateral styloid process) of the radial trochlea. 

10. Lateral border of the third metacarpal bone. 

11. Lateral border of the fourth metacarpal bone. 

t2. Lateral tuberosity on the distal extremity of the radius for 
attachment of the lateral collateral ligament. 
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Figure 4.64 Mediolateral (ML) view of the humeroulrrar and humeroradial joint (elbow), a, humerus; b, radius; c, ulna 


1* Floor of the olecranon fossa. 

2. Lateral supracondylar crest on the distal extremity of the 
humerus. 

3,4. Lateral and medial epicondyles of the distal humerus, 
respectively. 

5. Sagittal trochlear groove on the medial humeral condyle. 

6. Anconeal process ol the ulna. 

7. Articular surface of the trochlea (medial condyle) on the 
humerus. 

8. Trochlear notch (ulnar articular surface). 

9. Growth plate (physis) in the proximal ulna. 

10. Olecranon tuberosity. 

11. Medial aspect of the coronoid process of the ulna. 

12. Middle caudal border of the radial head. 


13. Lateral aspect of the coronoid process of the ulna. 

14. Laterocaudal border of the radial head 

15. Interosseous space between the radius and ulna. 

16. Radial tuberosity. 

17. Crantomedial border of the radial head. 

18. Midcranial border of the radial head. 

19. Trochlea (medial condyle) of the humerus. 

20. Cranial lateral border of the radial head. 

21. Capitulum of the humerus. 

22. Cranial surface (floor) of the sagittal groove on the trochlea 
of the humerus. 

23. Medial border of the radial fossa. 

24. Floor of the radial fossa 

25. Lateral border of the radial fossa 
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Figure 4.65 Craniocaudai (CrCa) view of the humeroulnar and humeroradial joint (elbow). a, humerus; b, ulna; c, radius. 

1. Medial epicondyle of tfte humerus, which is large and 9,10. Medial and lateral borders of the ulna, respectively, 

superimposed over the distal extremity of the humerus 11. Lateral tuberosity of the radius for collateral ligament 

except for a slight convex projection on the distal medial attachment. 

humerus where the medial collateral ligament attaches. 12. Lateral aspect of the coronoid process of the ulna. 

2. Depression on the diatomediat aspect of the humerus. 13. Lateral border of the trochlear notch on the ulna. 

3. Medial border of the trochlear notch on the ulna. 14. Depression for attachment of the lateral collateral ligament. 

4. Caudal margin of the capitular fovea (proximal radial 15. Lateral border of the olecranon fossa, 

articulation). 16. Lateral epicondyfe of the humerus. 

5. Medial aspect of the ooronoid process of the ulna. 17. Olecranon tuberosity of the ulna. 

6 Humeroradial articulations. 18. Lateral supracondylar crest 

7. Radial tuberosity. 

8. Medial tuberosity of the radius for collateral ligament 
attachment. 
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Figure 4.66 Mediotateral (ML) view of the scapulohumeral joint (shoulder), a, scapula; b, humerus., 


1. Subchondral bone on the concave surface of the glenoid 
cavlty. 

2. Medial and lateral borders of the glenoid cavity. 

3. Cranial and caudal borders of the humeral head. 

4. Caudal border of the humeral neck. 

5. Deltoid tuberosity superimposed on the humerus. 

6. Proximal and distocranial borders of the lesser (medial) 
tubercle. 

7. Cranial border of the greater (lateral) tubercle. 

8. Floor of the intertuberal groove between the lateral and 
intermediate tubercles 


9. Intermediate tubercle 

10. Fossa between the tubercles and the humeral head. 

11. Caudal part of the lesser (medial) tubercle 

12. Caudal part of the greater (lateral) tubercle- 

13. Glenoid notch, which Is more or less apparent, depending on 
the x-ray beam projection angle and development in the 
horse- 

14. Supraglenoid tubercle. 

15. Coracoid process. 
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Figure 4.67 

1. Proximal extremity (base) of the fourth metatarsal bone, 
which ts larger than the second metatarsal bone and is 
superimposed over the third and fourth tarsal bones 

2. Articulation between the fourth tarsal and the third 
metatarsal bone. 

3. Lateral surface of the third metatarsal bone. 

4. Abaxial surface of the fourth metatarsal bone 

5. Axial surface of the fourth metatarsal bone. 

6. Axial surface of the fourth metatarsal bone. 

7. Endosteal surface on the lateral cortex of the third 
metatarsal bone. 


metatarsal bone; c, fourth metatarsal bone. 

6. Endosteal surface on the medial cortex of the third 
metatarsal bone. 

9,10. Abaxial and axial surfaces, respectively, of the second 
metatarsal bone. 

11. Medial surface of the third metatarsal bone. 

12. Nutrient foramen on the plantar surface of the third 
metatarsal bone. 

13. Proximal extremity (base) of the second metatarsal bone, 
which is superimposed over the fused first and second tarsal 
bones and the third tarsal bone 


Dorsoplantar (DPI) view of the metatarsus a, third metatarsal bone; b, second 
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Figure 4.68 DcxsalaieraHtfantaromecSal obHque (D45L-PIMO) view of the metatarsus a, third metatarsal bone; b. second metatarsal 
bone; c. fourth metatarsal bone. 


1. Proximal extremity (base) of fourth metatarsal bone. 

2. Articulation between the fourth metatarsal and the fourth 
tarsal bone. 

3. Articulation between the fourth and third metatarsal bones 

4. Interosseous space between the third and fourth metatarsal 
bones. 

5. Piantarolateral border of second metatarsal bone. 

6 Nutrient foramen on the plantar surface of third metatarsal 
bone. 

7. Ptantarolateraf border of fourth metatarsal bone. 

6. Dorsomedlat border of fourth metatarsal bone. 


9. Piantarolateral border of third metatarsal bone. 

10. Endosteal surface on the piantarolateral cortex of third 
metatarsal bone. 

11. Dorsomedial surface of third metatarsal bone. 

12. Endosteal surface on the dorsomedial cortex of third 
metatarsal bone. 

13. Dorsomedial surface of second metatarsal bone. 

14. Articulation between the third tarsal and the third metatarsal 
bone 

15. Proximal extremity (base) of the second metatarsal bone 
superimposed over the distal tarsal bones. 
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Figure 4.69 Dorsomedial-piarttarolateral obkque (D45M'PILO) view of the metatarsus. a, second metatarsal bone; b. fourth metatarsal 
bone; c, third metatarsal bone. 


1. Proximal extremity (base) of the fourth metatarsal bone, 

2 . Articulation between the third tarsal and the third metatarsal 
bone. 

3. Dorsolateral surface of the third metatarsal bone. 

4. Endosteal surface on the dorsolateral cortex of the third 
metatarsal bone. 

5. Dorsolateral surface of the fourth metatarsal bone. 

6. Endosteal surface on the plantar medial cortex of the third 
metatarsal bone. 


7. Interosseous space between the second and third metatarsal 
bones. 

6. Ptantaromedial surface of the fourth metatarsal bone 

9. Nutrient foramen on the plantar surface of the third 
metatarsal bone. 

10. Ptantaromedial surface of the second metatarsal bone. 

11. Articulation between the second and third metatarsal bones 

12. Proximal extremity (base) of the second metatarsal bone. 
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Figure 4.70 Lateromedial (LM) view of the tarsus. Depending on obliquity of the radiographic projection, the cranial borders of the 
malleoli and trochlear ndges may be in different relative positions, 
f, third metatarsal bone. 


1. Calcaneal tuber. 

2. Coracoid process of the calcaneus 

3. Caudal intermediate part of the tiblal cochlea 

4. Sustentaculum tall of the calcaneus. 

5. ProximomediaJ tuberosity of the talus for ligamentous 
attachments (superficial short medial collateral ligament). 

6. Articulation between the talus and the calcaneus All of 
these joint surfaces may not be distinguishable on any 
one radiograph; they should not be mistaken for fractures. 

7. Distomedial tuberosity of the talus for ligamentous 
attachment (dorsal tarsal ligament). 

8. Articulation between the calcaneus and the fourth tarsal 
bone. 

9. Plantar surface of the fourth tarsal bone. 

10. Second tarsal bone The first and second tarsal bones are 
fused and project as different densities because of 
supenmposrtion 

11. First tarsal bone, 

12. Plantar aspect of the tarsometatarsal articulations. 

13. Plantar border of the fourth metatarsal bone The fourth 
metatarsal bone ts larger than the second metatarsal bone 
and projects on the plantar surface 


a. tibia, b, talus: c, calcaneus, d, central tarsal bone; e. third tarsal bone: 

14,15. Plantar borders of the second and third metatarsal bones, 
respectively. 

16. Dorsoproximal ndge on the third metatarsal bone for 
attachment of the tibialis craniaiis. 

17. Articulation between the third tarsal and the third 
metatarsal bone. 

18. Dorsal border of the third tarsal bone. 

19. Articulation between the third and central tarsal bones 

20. Dorsal border of the central tarsal bone. 

21. Articulation between the central tarsal bone and the talus. 

22. Medial trochlear ridge of the talus. The small bony 
projection on the distal part of the medial trochlear ridge is 
variable in size and shape and should not be mistaken for 
a periarticular osteophyte or any other bony abnormality. 

23. Lateral trochlear ridge of the talus. 

24. Depth of the trochlear groove between the trochlear ndge 
on the talus. 

25.27. Distocranial borders of the medial and lateral tibial 
malleoli, respectively. 

26 Cranial intermediate part of the tibial cochlea. 
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Figure 4.71 Flexed lateromedia! (flexed LM) view of the tarsus, a, tibia; b, talus; c, calcaneus; d, central tarsal bone; e, third tarsal 
bone; f, third metatarsal bone. 


1. Caudal intermediate part of the tibial cochlea. 

2. Distocaudal border of the lateral tibial malleolus 

3. Superimposed medial and lateral trochlear ridges of the 
talus. 

4. Depth of the trochlear groove between the trochlear 
ridges of the talus. 

5. Coracoid process of the calcaneus 

6,7. Plantar borders of the lateral and medial trochlear ridges, 
respectively, on the talus. 

8. Calcaneal tuber. 

9. Sustentaculum tali. 

10. Articulations between the talus and calcaneus, the 
visualization of which depends on the protection angle. 

11. Distomedial tuberosity of the talus for ligamentous 
attachment (dorsal tarsal ligament). 

12. Articulation between the talus and the central tarsal bone. 

13. Articulation between the calcaneus and the fourth tarsal 
bone. 


14. Plantar border of the fourth tarsal bone. 

15. Second tarsal bone. The first and second tarsal bones 
are fused. 

16. First tarsal bone. 

17. Tarsometatarsal articulation. 

18. Junction between the first and third tarsal bones, which is 
not always distinctly visible. Do not mistake the junction, 
when present, for a slab fracture. 

19. Dorsal border of the fourth tarsal bone. 

20-22. Plantar borders of the fourth, second, and third 

metatarsal bones, respectively. The supenmposed 
plantar border of the third metatarsal bone and the dorsal 
borders of the second and fourth metatarsal bones may 
produce pseudotongrtudinal fracture lines. 

23. Cranial intermediate part of the tibial cochlea. 

24. Cranial border of the medial tibial malleolus. 
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Figure 4.72 Dorsoplantar (DPI) view of the tarsus The bones and joints of the tarsus are irregular and have complex shapes; Ibus, 
their appearance can vary with little change m protection angle Because ot this, careful observation is necessary when the tarsus is being 
evaluated radiographically, a, tibia; b. calcaneus; c. talus; d, third metatarsal bone; e. fourth metatarsal bone; f. second metatarsal bone 


t. Articulation between the medial trochlear ridge of the talus 
and the medial cochlear groove of the tibia (tarsocrural joinl). 

2. Intermediate ridge of the tibia) cochlea 

3. Medial malleolus on the distal tibia, where the medial 
collateral ligaments attach 

4. Proximal medial tuberosrty on the talus, where the superficial 
short medial collateral ligament attaches. 

5. Sustentaculum tali. 

6. Distal medial tuberosrty on talus for ligamentous attachment. 

7. Plantar medial aspect of the talocalcaneocentral (proximal 
intertarsal) joint 

8. Distomedial border of the medial trochlear ridge on the talus 

9. Dorsomedial aspect of the talocalcaneal central (proximal 
Intertarsal) joint. The difference in position of the plantar and 
dorsal aspects of this joint is caused by the curved contour 
of the articular surfaces in the proximal intertarsal joint. 

10. Medial and lateral borders of the second tarsal bone. 

11. Medial and lateral borders ot the central tarsal bone- 

12. Articulation between the third and central tarsal bones 
(centrodistal or distal intertarsal joint). 

13. Proximal border of the second metatarsal bone 
superimposed on the first and third tarsal bones 

14. Medial and lateral borders of the third tarsal bone. 

15. Articulation between the second metatarsal and the fused 
first and second tarsal bones. 


16. Medial and lateral aspects of the articulation between the 
third tarsal and the third metatarsal bone 

17. Proximomedial border of the second metatarsal bone. 

t8. Proximolateral border of the fourth metatarsal bone. 

19. Articulation between the fourth tarsal and the fourth 
metatarsal bone (tarsometatarsal joint). 

20. Proximal border of the fourth metatarsal bone superimposed 
over the fourth tarsal bone. 

21. Bony prominence on the plantar surface of the third tarsal 
bone. 

22. Prominence on the plantar surface of the central tarsal bone 

23. Lateral and medial borders of the fourth tarsal bone 

24. Articulation of the fourth tarsal bone and the calcaneus 
(calcaneoquartal or proximal intertarsal joint). 

25. Distal lateral border of the talus, 

26. Lateral trochlear ridge of the talus. 

27. Groove between medial and lateral trochlear ridges on the 
talus. 

28. Caudal aspect of the intermediate ndge on the tibial cochlea 

29. Cranial part of the lateral malleolus. 

30. Articulation between the lateral trochlear ridge on the talus 
and the lateral tibial cochlear groove in the tarsocrural 
(tibiotarsal) joint 

31. Caudal part of the lateral malleolus. 

32. Calcaneal tuber. 
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Figure 4.73 Dorsotateral-plantaromediai oblique (D35L-PIMO) view of the tarsus a, tibia: b. calcaneus: c, talus; d. third metatarsal 
bore; e. fourth metatarsal bone: t, second metatarsal bone 


1. Articulation between the medial trochlear ridge of the talus 
and the medial tibtai cochlear groove in the tarsocrural 
(tib«otarsal) joint. 

2. Medial malleolus 

3. Articulation between the intermediate ridge of the tibia! 
cochlea and the groove in the trochlea tali in the 
tarsocrural joint. 

4. Cranial aspect of the intermediate hdge on the tibial 
cochlea 

5. Caudal aspect of the intermediate ridge on the tibia) 
cochlea 

6.7. Medial and lateral trochlear ridges, respectively, of the 
talus 

8 Dorsomedial border of the sustentaculum tali. 

9 Distomedial tuberosity of the talus for ligamentous 
attachment. 

10. Plantaromedial aspect of the taiocaicaneocentral (proximal 
intertarsal) Joint. 


11. Dorsomedial aspect of the talocalcaneocentral (proximal 
intertarsal) joint. 

12. Dorsomedial aspect of the articulation between the central 
and the third tarsal bone (centrodistal or distal intertarsal 
joint). 

13. Medial and lateral borders of the fused first and second 
tarsal bones. 

14. Prominent ridge for ligamentous attachment on the 
dorsomedial surface of the third tarsal bone. 

15. Articulation between the fused first and second tarsal 
bones and the second metatarsal bone 

16. Dorsomedial aspect of the articulation between the third 
tarsat bone and the third metatarsal bone (tarsometatarsal 
Joint). 

17,18. Dorsomedial borders ol the third and fourth metatarsal 
bones, respectively - 

19. Ptantarolaterai border of the fourth metatarsal bone 

20. Interosseous space between the third and fourth 
metatarsal bones. 
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21. Lateral border of the third metatarsal bone dorsal to the 
fourth metatarsal bone. 

22 . Articulation between the third and fourth metatarsal 
bones. 

23. Articulation between the fourth tarsal and the third 
metatarsal bone 

24. Articulation between the fourth tarsal and the fourth 
metatarsal bone. 

25. Plantarolateral and plantaromedial borders of the third 
tarsal bone. 

26. Vascular tarsal canal, which encloses the perforating 
tarsal artery and vein and a deep perineal nerve branch, ft 
may be more or less apparent on this view, depending on 
the protection angle. 

27 . Nonarticular area between the central and the third tarsal 
bones, These nonarticular areas may simulate 
subchondral bone lysis and must be differentiated from 
disease by their location, 


28. Plantarolateral and dorsomedial borders of the fourth 
tarsal bone, 

29. Plantarolateral and plantaromedial borders of the central 
tarsal bone, 

30. Articulation between the calcaneus and the fourth tarsal 
bone (calcaneoquarteral or proximal interiarsal joint). 

31. Borders of the sinus tarsi, which is a space between the 
calcaneus and talus that appears as a more or less lucent 
region. 

32. Plantarolateral border of the sustentaculum tali. 

33. Coracoid process of the calcaneus. 

34. Articulation between the lateral trochlear ridge of the talus 
and the lateral tibial cochlear groove in the tarsocrural 
joint (tibiotarsal joint). 

35.36. Cranial and caudal parts, respectively, of the lateral 
malleolus. 

37. Calcaneal tuber. 
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Figure 4.74 OorsomediaUplantaroiateral oblique (D55M-PILO) view 
bone 

1. Calcaneal tuber, 

2 . Articulation between the medial trochlear ridge of the talus 
and the medial tibial cochlear groove of the tarsocrural 
joint. 

3 Articulation between the lateral trochlea of the talus and 
the lateral tibial cochlear groove of the tarsocrural joint 

4 Caudal aspect of the intermediate ndge of the tibial 
cochlea. 

5 Proxtmomedial tuberosity of the talus. 

6. Plantar borders ol the talus superimposed on the 
calcaneus. 

7. Plantar border of the sustentaculum tali. 

0, Nonarticular depression between the talus and the central 
tarsal bone. These nonarlicutar depressions, which 


the tarsus, a, tibia; b, talus; c, calcaneus: d, third metatarsal 

appear more or less distinct, depending on the angle of x- 
ray beam projection, may simulate subchondral bone 
lysis. 

9 Medial and lateral plantar borders of the central tarsal 
bone. 

10. Plantar border of the fourth tarsal bone. 

11. Plantar border of the fused first and second tarsal bones 

12. Area of nonarticular depressions between the central and 
third tarsal bones. 

13. Junction between the fused first and second tarsal bones 
and the medial plantar border of the third tarsal bone 

14. Articulation between the fourth tarsal and the fourth 
metatarsal bone. 

15. Articulation between the fused first and second tarsal 
bone and the second metatarsal bone. 


of 
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16. Articulation between the fourth tarsal bone and the third 
metatarsal bone. 

17,18. Plantar borders of the second and fourth metatarsal 
bones, respectively. 

19 Interosseous space between the second and third 
metatarsal bones. 

20, Plantar border of the third metatarsal bone 
21.22. Dorsolateral borders of the fourth and third metatarsal 
bones, respectively. 

23. Nonarticular depressions in the adjacent surface of the 
third tarsal and the third metatarsal bone. 

24. Dorsolateral aspect of the articulation between the third 
tarsal and the third metatarsal bone (tarsometatarsal 
joint). 

25 Dorsolateral border of the fourth tarsal bone- 

26. Dorsolateral aspect of the articulation between the central 
and the third tarsal bone (centrodistaJ or distal intertarsal 
joint). 

27. Dorsolateral aspect of the talocalcaneal central (proximal 
intertarsal) joint. 


26. Notch at the distal aspect of the Lateral trochlear ridge on 
the talus. 

29,30. Medial and lateral trochlear ridpes, respectively, of the 
talus. 

31. Depth of the groove between the medial and lateral 
trochlear ridges on the talus. 

32. Articulation between the talus and the calcaneus 
(talocalcaneal articulation), the visibility of which depends 
on the x-ray beam protection. 

33. Cranial aspect of the intermediate ndge on the tibia) 
cochlea. 

34. Medial malleolus superimposed over the talus and 
calcaneus. 

35. Lateral malleolus superimposed over the intermediate 
tibia! cochlear ridge and the lateral trochlear ndge of the 
talus. 

36. Coracoid process of the calcaneus. 
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Figure 4.75 Flexed dorsoplantar (flexed DPI) view of the tarsus. 

1. Medial trochlear ridge on the talus. 

2. Groove between the medial and lateral trochlear ridges of 
the talus. 

3. Drstomedial tuberosity of the talus. 

4 Nonarticufar depressions between the talus and 

calcaneus. This opening communicates with the sinus 
tarsi 

5. Medial and lateral aspects of the articulation between the 
talus and calcaneus. 


6. Proximomedtal tuberosity of the talus. 

7. Sustentaculum tali. 

8. Tarsal groove for the deep digital flexor principal tendon 

9. Calcaneal tuber. 

10. Lateral trochlear ridge on the talus 
11,12. Areas of attachment of the lateral collateral ligament on 
the talus and calcaneus, respectively 
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Figure 4.76 Lateromedial <LM> view of the femorotibial and lemoropalellar joints (stifle joint), a. patella; b. femur: c, tibia. 


1. Supcacondytoid fossa. 

2. Medial supracondyiotd tuberosity. 

3. Distal femoral growth plate. 

4. Medial femoral condyle. 

5. Imerconcfyloid fossa. 

6. Lateral femoral condyle. 

7. Medial tubercle on the intercondytoid eminence of the tibia. 
6. Central intercondylar area. 

9. Medial part of the articular surface on me lateral tibia! 
condyle. 

10. Medial tibia) condyle. 

1 1. Lateral tibia! condyle. 

12. Popliteal notch. 

13. Concavity of the popliteal incisure. 

14. Tubercle on the caudal medial surface of the tibia. 

15. Growth plate on the proximal tibia. 

16. Groove for the medial patellar ligament. 

17. Medial part of the tibfal tuberosity. 

18. Extensor sulcus. 


19. Lateral part of the tibial tuberosity. 

20. Lateral tubercle on the iniercondyioid eminence of the tibia. 

21. Ridge connecting the lateral trochlear ridge and die lateral 
oondyle on the femur. 

22. Ridge connecting me medial trochlear ridge and the medial 
condyle on the femur. 

23. Extensor fossa. 

24. Lateral femoral trochlear ridge. 

25. Compact bone in the femora) trochlea between the lateral 
and media) trochlear ridges. 

26. Medial femoral trochlear ridge. 

27. Apex of the patella. 

28. Areas of ligamentous attachment on the cranial surface of 
the patella. 

29. Articular surfaces of the patella. 

30. Edge of the medial articular surface and medial border of the 
patella. 

31. Base oi the patella. 
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Figure 4.77 Flexed laleromedtal (flexed LM) view of the temorotibiai and lemoropateltar joints (stifle) a, patella; b, femur; c, tibia 


1. Medial femoral oondyte. 

2. Intercondyloid fossa 

3. Lateral femoral condyle. 

4 Lateral tibia! condyle. 

5. Medial tib«al condyle. 

6. Medial tubercle on the intercondyloid eminence of the tibia 

7. Tubercle on the caudal medial surface of the tibia. 

8 Medial part of the tibial tuberosity. 

9. Groove for the medial patellar ligament. 

10. Lateral part of the tibtal tuberosity 

11. Extensor sulcus. 

12. Lateral tubercle on the intercondyloid eminence of the tibia 


13. Apex of the patella 

14. Areas for ligament attachment on the cranial surface of the 
patella. 

15. Extensor lossa. 

16. Medial aspect of the articular surface of the patella 

17. Subchondral bone in the femoral trochlea between the Lateral 
and medial trochlear ridges. 

18 Lateral aspect o! the articular surface of the patella 
19. Base of the patella. 

20 Lateral femoral trochlear ridge 

21. Medial femoral Irochlear ridge. 

22. Monarticular fossa between the femoral trochlear ridges 
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Figure 4.78 Caudocranial (CaCr) view of the femorotibial and femoropatetlar joints (stifle). The entire patella may or may not be seen, 
depending on the x-ray exposure The patella is normally located to the lateral side of the distal aspect of the femur. The fibula may be a 
complete bone (as here), but it is usually rudimentary with only the proximal pari present or with one or two transverse lines that give the 


mistaken appearance of fractures, a. patella; b. femur, c. fibula; d. tibia. 

1. Medial angle of the patella. A large cartilaginous process 
extends from the medial angle of the patella and is not 
visible radiographically. 

2. Lateral border of the medial trochlear ndge on the distal 
femur, the visibility of which depends on the x-ray 
exposure. 

3. Medial epicondyle for ligamentous attachment. 

4. Medial and lateral borders of the medial femoral condyle. 

5. Intercondyloid fossa on the caudal aspect of the distal 
femur. 


6. Medial tubercle of the intercondylar eminence on the 
proximal tibia. 

7 . Lateral tubercle on the intercondylar eminence of the 
proximal tibia 

8 Central intercondylar area. 

9. Cranial and caudal borders of the articular surface on the 
medial tibia) condyle 

10. Medial tibial condyle 

11. Tubercle on the caudal medial tibial surface 

12. Muscular lines on the caudal tibial surface 
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13. Fibula. 

14. Tibial crest. 

15. Bony margin of the extensor sulcus. 

16. Medial part of the tibial tuberosity. 

17. Groove between the medial and lateral parts of the tibial 
tuberosity tor the medial patellar ligament. 

18. Medial border of the lateral part of the tibial tuberosity. 
19,21. Cranial and caudal aspects, respectively, of the lateral 

tibial condyle. 

20. Lateral proximal border of the lateral part of the tibial 
tuberosity. 

22. Cranial and caudal articular surfaces on the lateral tibial 
condyle. 


23. Articular surface on the medial part of the lateral tibial 
condyle. 

24. Distal aspect of the lateral trochlear ridge on the femur. 

25. Distal aspect of the groove between the distal femoral 
trochlear ridges. 

26. Lateral femoral epicondyte for ligamentous attachment. 

27. Bony borders of the extensor fossa on the distal femur. 

28. Lateral and medial borders of the lateral femoral condyle. 

29. Lateral trochlear ridge on the distal extremity ol the femur 

30. ProximoJateral border of the lateral femoral condyle. 

31. Apex of the patella. 

32. Lateral angle and the patella. 

33. Base of the patella. 
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Figure 4.79 Cranwproximal-distal cranial oblique (CrPr-DfCrO) view ot the patella a, patella, b. femur. 


1. Dorsal surface and area of ligament attachment on the 
patella. 

2. Distal articular surface on the patella. 

3. Proximal articular surface on the patella 

4. Lateral femoral trochlear ridge, 

5. Extensor fossa. 


6. Trochlear groove between the medial and lateral trochlear 
ridges. 

7. Media I femoral trochlear ridge. 

8. Distal medial bonder of the patella. 

9. Proximal medial border of the patella. 
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Figure 4.80 Ventrodorsal (VD) view of the pelvis a. nght ilium; b, right pubis; c, right ischium; d, right femoral head 


1 Body of the ilium. 

2 Tuber sacrale Fecal material in the large colon may be 
superimposed over the tuber sacrale and sacrum, 
compromising good radiographic evaluation of these 

structures. 

3 Greater ischiattc notch on the dorsal border of the ilium. 

4. Ventral border of the rflum. 

5. tschiatic spine 

6 Articulation between the cranial border of the acetabulum 

and the femoral head. 

7. Medial border of the femoral neck 

8. Fovea capitis lemons which is a flattened region on the 

femoral head, the visibility of which depends on the 
angulation and position during radiography 
9 Acetabular fossa Because there is no articular cartilage 
or subchondral bone ir the region ot the acetabular fossa, 


it appears as a break or defect in the articular surface of 
the acetabulum, but it is normal. 

10. Obturator foramen. 

11. Articulation between the caudal border of the acetabulum 
and the femoral head. 

12. Lateral border of the femoral neck 

13. Lateral border of the ischium. 

14. Ischiattc tuberosity, 

15. Ischiattc symphysis. 

16.17. Caudal and cranial parts, respectively, of the greater 
trochanfer. 

18. Dorsal rim of the acetabulum 

19. Pubic symphysis. 

20. Lesser trochanter superimposed over the femur. 

21. Dorsal spinous processes of the sacrum 

22. Cranial border of the pubis 
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Figure 4.81 Ventromed'al-dorsolaterai oblique (V25M-DLO) view of the pelvis, a, ilium; b, pubis; c. ischium; d, femur. 


1. Dorsal spinous process of me sacrum. 

2. Cranial border of the pubis. 

3. Pubic symphysis. 

4. Obturator foramina. 

5. Lateral border of the ischium. 

6. Ischiatic symphysis, 

7. ischiatic tube rosily 

3.9. Caudal and cranial parts, respectively, of the greater 
trochanter. 

10. Articulation between the caudal aspect of the acetabulum 
end the femoral head. 


11. Dorsal acetabular rim. 

12. Lesser trochanter superimposed over the femur. 

13. Growth plate (physis) between the femoral head and me 
neck. 

14. Medial dorsal border of the ischium. 

15. Acetabular fossa. 

13. Articulation between the cranial acetabulum and the femoral 
head. 

17. Ischiatic spine on the dorsal border of the ischium. 

13. Medial dorsal border of the ilium. 

19. Lateral border of the ilium. 
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12 


4.82 Right-to-left lateral (Rt-LeL) view ol the cranial cervical vertebra) column (Cl to C3). 


Occipital bone. 

Jugular process. 

Dorsal surface of the right and left occipital condyles 
Right and left margins of the lateral foramen of the atlas. 
Caudal borders of the occipital condyles (atlantoocciprtal 
articulation) 

Dorsal tubercle of the atlas 
Atlas. 

Caudal margins of the articular fovea 
Cranial articular process of the axis. 

Margins of the aterai vertebral foramen 

Ventral margin of the vertebral canal. 

Dorsal margin of the vertebral canal. 

Dorsal spinous process ol the axis. 

Right and left cranial articular fovea of C3, 

Caudal articular fovea of the atlas 
Dorsal spinous process of C3. 

Base of the transverse processes of C3. 

Transverse process of C3 


19. Concave margins of the caudal extremity of the axis. 

20. Convex cranial extremity of C3. 

21. Caudal growth plate of the axis. 

22. Multiple linear opacities produced by the wide bases on the 
right and left transverse processes of the axis. 

23. Axis. 

24. Ventral border of the axis 

25. Cranial growth plate of the axis. 

26. Dens of the axis. 

27. Atlas. 

28 Shadow produced by braided rope used for halter. 

29. Right and left rami of the mandible. 

30. Right and left ventral margins of the guttural pouches. 

31. Right and left ventrocaudal margins of the axis 

32. Shadow caused by margins of the transverse foramen. 

33 Base of the wings of the atlas 

34. Shadow formed by the concavity of the atlantal fossa. 

35. Right and left caudal margins of the occipital condyles. 


Copyrights 


material 







302 Adams' Lameness in Horses 



Copyrighted material 

















Chapter 4 Equine Diagnostic Imaging 


303 



Right-to-lett lateral (Rt-Let) vtew of the midcervtcal spine (C3 to C6). 


Figure 4.83 

1. Dorsal and ventral borders of the vertebral canal. 

2 . Right and left crantal articular processes. 

3. Right and left caudal articular processes. 

4. Shadows formed by vertebral arches on either side of the 
spinous processes 

5. Dorsal spinous processes of C4, C5, and G6 

6. C6, 

7. Bases of lateral transverse vertebral processes. 

8. Ventral borders of the vertebrae 


9. Bases of the transverse processes, which also form the 
ventral and dorsal margins ot transverse foramina. 

10. Caudal extremities ot the vertebrae. 

11. Transverse processes. 

12. Dorsal tuberculums. 

13. Concave borders of the caudal extremities 

14. C5. 

15. C4 

16. 03. 
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Figure 4.04 Right-UMeft lateral (Rt-LeL) view of the caudal cervical spine (C5 to 07). 


1. Cauda I articular processes. 

2. Vertebral lamina on either side of the spinous process. 

3. Dorsal spinous processes and dorsal laminae. 

4. Dorsal and ventral borders of the vertebral canal. 

5. Cranial articular processes. 

6. Dorsal spinous process of Tl. 

7. First rib 

8. Tubercle ol the first rib. 


9. Cranial extremities ol the vertebrae. 

10. Caudal extremities of the vertebrae. 

11. Bases of the transverse processes 

12. Shadow of the transverse foramen. 

13. Bases of transverse processes. 

14. Cranial part of the transverse processes of C6 and C7. 

15. C5. C6. and C7. 
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COMPUTED RADIOGRAPHY 

Computed radiography is an imaging modality that 
produces a radiographic image from digital information. 
Although the result is a radiographic image similar to 
one obtained from conventional radiography, the equip¬ 
ment used to acquire and process the images is different. 
One process consists of using a storage phosphor-imag¬ 
ing plate made of europium-doped barium fluorohalide 
(BaFBriHu) instead of a conventional film-screen cas¬ 
sette. The storage phosphor plate is placed in a holding 
cassette and exposed to x-rays in the same manner as a 
conventional x-ray cassette (Fig. 4.85). The energy from 
the x-ray exposure is stored on the phosphor-imaging 
plate. After the plate is exposed, it is placed in a laser 
reader, which scans it with a laser beam. The stored en¬ 
ergy is then released, detected, and digitized. 

The digitized image can be viewed on a monitor and 
manipulated for improved interpretation. The density, 
latitude, and size of the image can be adjusted before the 
image is printed (hard copy). Because the image can be 
manipulated, both soft tissue structures and bone can be 
visualized from the same exposure. Improper exposures 
produced by minor to moderate exposure variations can 
be adjusted to produce an acceptable image. 

The exposure dose per image can be reduced with 
digital radiography, 31 but as the exposure is decreased. 


the spatial resolution is also decreased. Therefore, the 
amount of exposure needed to obtain an acceptable 
image is not greatly reduced, compared with medium- 
speed rare earth film-screen systems. 

One advantage of computed radiography is the ability 
to alter rhe imaging algorithm and produce improved 
edge enhancement and wide contrast latitude Hg. 4.86 ). 
As with xeroradiography, the advantage of edge en¬ 
hancement is that subtle margins, such as occur with 
hairline fractures or subtle periosteal reaction, are more 
easily identified. Spatial resolution, however, may not 
lie as good with computed radiography as with film- 
screen radiography. Furthermore, a lucent halo may be 
produced on low-frequency edge-enhanced images (Fig. 
4.87). The lucent halo is seen in areas where there is a 
transition between high and low tissue or material deiiM 
ties. The halo may appear as a pseudofracture, an J when 
seen around metallic implants, the lytic zone may he c*>n 
fused with bone lysis. 1 * The perimetallic bone halo may 
erroneously be diagnosed as an unstable implant or an 
infection. 

The cost of equipment necessary to produce digital 
radiographs is relatively high, and the modality is techni¬ 
cally complex. Improvements in and simplification of 
computed radiography will likely increase the use of this 
imaging modality. 



Fleur* 4.89 A. A computed radiographic plate (arrows) in an computed radiographic reader, where it will be scanned with a 

open cassette. B. The cassette (arrows) being inserted into the laser beam so a digitized image can be produced. 
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Figure 4.87 Dorsopaimar view computed radiograph! of the 
distal phalanx, showing a black pseudohalo (arrows) around a 
metallic screw within the distal phalanx. The halo mimics bone 
lysis 


Figure 4.86 A Caudocramal view computed radiograph of a 
stifle, produced with an algorithm similar to that of a regular film- 
screen radiograph B, Caudocranial view of a stifle, produced with 
an algorithm that provides edge enhancement. 


XERORADIOGRAPHY 

Xeroradiography is a process in which an electrostati¬ 
cally charged selenium-coated aluminum plate is ex¬ 
posed by x-rays. The x-rays form a latent image on the 
plate by altering the electrostatic charges. 1 he plate is 
then processed by exposing it to an aerosol of charged 
powder (toner). The charged toner particles are attracted 
to or repelled by the electrostatic charge on the plate. 
This image is transferred to plastic-coated paper by di¬ 
rect contact and then fused to rhe paper by heat. 

Xeroradiography provides good resolution, wide con¬ 
trast latitude, and excellent edge enhancement (Fig. 
4.88). Kdge enhancement on a xeroradiograph provides 
additional information to that found on conventional 
radiographs 45 and may provide a diagnosis in cases of 
hairline fractures that are not identified on conventional 
radiographs. 

Xeroradiography is valuable when good image detail 
is needed and inherent contrast is poor. 5 It gives good 
visualization of soft tissue structures, possible foreign 
bodies in soft tissue, and good detail to subtle osseous 
lesions. Therefore, in cases in which a lesion may be sus¬ 


pected clinically but not seen on routine radiographs, 
xeroradiography may provide the necessary information 
to make a diagnosis. The percentage of lameness cases 
in which xeroradiography provides vital information not 
present on routine radiographs has not been docu¬ 
mented. 

The limitations of xeroradiography are the cost of 
special processing equipment versus the amount of time 
in use, magnitude of radiation exposure to obtain a diag¬ 
nostic study 3 (Xerox recommends a 125-kVp, 200-mA 
machine as a minimum), technical expertise to produce 
a good-quality film, and increased cost of film compared 
with radiographic film. 

In summary, xeroradiography is not economical for 
most practice situations. Furthermore, although the 
image obtained is superior to conventional radiographs, 
the percentage of cases in w hich the technique is abso¬ 
lutely necessary for diagnosis has not been documented, 
although it is probably quite low. 

COMPUTED TOMOGRAPHY 

CT provides an adjunct examination to radiography 
in cases in which a three-dimensional image could add 
important information to help the clinician arrive at a 
diagnosis or decide on surgical intervention and treat¬ 
ment. 42 A CT scanner consists of an x-ray tube and sen¬ 
sors in a circular gantry, a table, an x-ray generator, a 
computer, a video monitor, and some form of recorder 
to reproduce the image on film (hard copy). 

The image is made with x-rays while the x-ray tube 
travels 360° within the gantry. The gantry size limits 
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Figure 4.88 Dorsomediaf-paimarolateral obltque (D45M-PaLO) 
view xeroradiograph ol the metacarpal bone, showing a fracture 
through the dorsal lateral metacarpal cortex (arrow) (Courtesy of 
CF Re d. University of Pennsylvania. Philadelphia.) 


scans on a horse to the extremities distal to the level of 
the midradius and tibia. Cervical spine studies can be 
performed through the rostral and midcervical area. 
Scans of rhe caudal cervical spine are limited and depend 
on the size of rhe horse. A specially designed table that 
can accommodate the horse's size and weight is also nec¬ 
essary. 

Direct images are acquired in a transverse (axial) 
plane at a specified image thickness, interval, and size, 
resulting in a three-dimensional image (Fig. 4.89). From 
the digital information acquired on the direct scan, im¬ 
ages can be reformatted in any other desired plane (Fig, 
4.90) or may be processed to provide a three-dimen¬ 
sional image. 

The CT image has superior contrast resolution but 
inferior spatial resolution, compared with a radiograph. 



Figure 4.89 A 2-mm-Ihick CT image of the distal third 
metacarpal (a) and the proximal sesamoid bones (b) in transverse 
plane, with a bone window setting. 



Figure 4.90 A 2-mm-thick, reformatted CT image of a fore 
fetlock in sagittal plane, a, third metacarpal bone: b. proximal 
sesamotd bone; c, proximal phalanx 


The contrast level and width can be adjusted on CT im¬ 
ages for better visualization of bone or soft tissue struc¬ 
tures. For example, to optimize bone on the image, a 
wide window width (1500 to 2000 ct number) and rela¬ 
tively high window level (250 to 350 ct number) are 
used; and to optimize soft tissue structures within a limb, 
lower window' levels (60 ct number) and widths (200 to 
350 ct number) are used. 
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Figure 4.91 A 2-nwvthick CT image through the distal third 
metacarpal bone ta> and proximal sesamoid bones (b) in 
transverse plane, with o soft tissue window setting, wtvich 
increases the opaqueness of the bones The deep digital flexor 
tendon (open arrows) and superficial digital flexor tendon (solid 
arrows) can be seen, 


Subchondral, cortical, and trabecular bone structures 
can be evaluated with CT* Small soft tissue structures 
are often not defined well enough ro demonstrate subtle 
pathology, such as small ligament injuries, 4 * minor dam¬ 
age to tendons, cartilage erosion, and joint capsule 
changes. Larger soft tissue structures can be imaged and 
moderate to severe lesions can Ik* observed (Fig. 4.91). 

CT is helpful for defining complex intraarticular frac¬ 
tures, fractures nor seen on radiographs , 4 ’ stress-induced 
subchondral bone sclerosis, and other subchondral bone 
lesions, such as cysts or subtle defects. Complex intraar¬ 
ticular fractures can be better defined with ( I because 
the images are produced in the third dimension and can 
be reformatted in other planes. I ransversc CT images 
of cervical spine studies also add three-dimensional in¬ 
formation to cervical radiographic studies, which are 
often confined to lateral views only; thus lateral com¬ 
pressive lesions on the spinal cord may be missed. In 
most cases, the ( 1 examination is done after the radio- 
graphic examination; it adds data for a more accurate 
diagnosis and effective treatment plan. 

MAGNETIC RESONANCE IMAGING 

Magnetic resonance images are sectional images much 
the same as CT images. They are produced in machines 
similar in structure and configuration to CT scanners. 



Figure 4.92 MRI study of the proximal row of carpal bones in 
transverse plane, using a proton-dense sequence Note the 
traumatic arthritis (arrows) on the dorsal border of the radial carpal 
bone, normal marrow has been replaced with tow-intensity bone 
sclerosis, a. ulnar carpal bone; b, intermediate carpal bone; c. 
radial carpal bone. 


The images are proton images, mainly of hydrogen nu¬ 
clei, with high-contrast resolution. MRI provides excep¬ 
tionally good anatomic, pathoanatomic, and pathophys¬ 
iologic information of intraarticular and periarticular 
structures (Fig. 4.92). MRI has the potential to provide 
information from images not available from any other 
imaging modality, including arthroscopy, 

A MRI scanner consists of a strong magnet, transmit/ 
receive radiofrequency coils, gradient magnets, a com¬ 
puter, a gantry, a table, and a video monitor. A detailed 
description of MRI scanners and the mechanism of 
image production may be found elsewhere,' ? but a sim¬ 
ple description follows. Nuclei that have an asymmetric 
spinning charge arc imaged, and the proton from the 
hydrogen nucleus is used to produce the image for most 
diagnostic studies. These spinning charged nuclei are 
aligned in the strong magnetic field of the scanner. The 
spinning aligned nuclei precess around an axis in the 
magnetic field much the same as a spinning top. A radio¬ 
frequency wave is used to bombard the processing nu¬ 
cleus, tilting the precessing axis 90°. The signal from the 
precessing nucleus or proton then produces an electric 
signal in the radiofrequency receiver coil, which is trans¬ 
mitted to the computer for image construction. The sig¬ 
nal for image construction is produced as the nuclei relax 
into their demagnetized states. 

By varying the radiofrcquency pulse, the time for pro¬ 
tons to become magnetized before the radiofrcquency 
pulse (TR), and the time after the radiofrcquency pulse 
(TE), a clinician can produce different images with vary¬ 
ing information. These images arc termed T1 -weighted, 
T2-w r eighted, and proton density images. By adjusting 
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the magnetic gradient coils, the clinician is able to obtain 
direct sectional images in any plane. 

T1-weighted images are used most often to evaluate 
joints and musculoskeletal structures, although T2- 
weightcd images provide different tissue contrasty and 
may offer valuable information in selected cases. 23,3 T2- 
weighred images are best for demonstrating lesions in 
periarticular muscles and synovial fluid. A knowledge 
of tissue intensities on Tl- and T2-wcightcd images is 
necessary for interpreting the scans. On TI -w eighted im¬ 
ages, subcutaneous and fascial plane fat and bone mar¬ 
row have the brightest signal (white), hyalin cartilage is 
less bright (white gray), and muscle is even less bright 
(gray white). Fluid, ligaments, tendons, and hone have 
little or no signal intensity (black). 17 Sometimes, synovial 
fluid produces a signal and can he seen (gray) adjacent 
to articular cartilage. On T2-weighted images, fluid has 
the highest intensity (white), followed by fat, bone mar¬ 
row, and muscle in decreasing order of intensity. Liga¬ 
ments, tendons, and hone have little or no signal inten¬ 
sity (black). 3 

MRI is an effective imaging modality for evaluating 
and detecting pathologic changes in articular cartilage, 
menisci, and periarticular hone marrow'changes. Erosive 
cartilage changes, meniscal injuries, and alterations in 
periarticular hone marrow owing to stress-induced bone 
sclerosis or fluid accumulation secondary to infection or 
inflammation can lx* detected. Ligament, tendon, joint 
capsule, and muscle injury can also he diagnosed. Hyper- 
intense and hypointense defects may he observed in in¬ 
jured ligaments, tendons, and muscle. With edema or 
fluid accumulation, the signal intensity is hyperintense 
on T2-weighted images and hypointense on Tl-weighted 
images. Signal intensity of blond or hemorrhage changes 
over time. Acute hemorrhage is isointense with muscle 
on Tl-weighted images and hyperintense on T2- 
weighted images. After 2 days, the signal on Tl-weighted 
images is more intense, and in several days, the hemor¬ 
rhage is hyperintense on both T1 - and T2-wcightcd im¬ 
ages. 1 ' 

Most MRI studies of equine joints have been done 
on cadaver specimens. The normal magnetic resonance 
anatomy of the foot and fetlock 4 ' and pathologic condi¬ 
tions or the foot 22 ' 31 and tendons 6 have been demon¬ 
strated via MRI. The equine extremity lends itself to im¬ 
aging with smaller-sized magnets and surface receiver 
coils, if and w r hcn MRI is developed for use in the stand¬ 
ing animal. Drawbacks to MRI of equine joints are no 
appropriate equipment configuration tor in vivo imaging 
on the unanesthetized animal, high cost of equipment, 
including maintenance, and the complexity of imaging 
sequences needed to obtain a diagnostic examination. 
When these constraints arc overcome, MRI of equine 
extremities will add a new' dimension for in vivo diagnos¬ 
tic imaging in cases of equine lameness. 

THERMOGRAPHY 

Thermography is an imaging modality by which a vis¬ 
ual image is produced from infrared radiation emitted 
from the skin surface. The infrared radiation is detected 
by a photon detector, converted to electrical impulses, 
and displayed on a television monitor (cathode ray tube) 



Figure 4.93 A normal thermogram o! the bilateral fomfimbs of a 
horse showing warmer vascular areas (lighter areas). (Courtesy of 

RC Purohit, Auburn University, Auburn. AL.) 


(Fig. 4.93). The image is displayed in colors (isotherms) 
that correspond to different temperatures on the skin 
surface. The skin surface temperature also reflects 
changes in circulation and temperature changes in deeper 
tissues. 62 A total of 10 isotherms arc available, and the 
temperature sensitivity' between isotherms is adjustable. 

Normal thermographic patterns have been reported 
for the horse. 4 * In general, hotter areas follow the normal 
vasculature. Thermographic patterns are bilaterally sym¬ 
metric, with all four limbs having a similar pattern below 
the carpus and tarsus. Slight variations in normal pat¬ 
terns occur between horses. 

The general clinical uses for thermography arc I) to 
define the extent of a lesion when a diagnosis has been 
made, 2) to localize a previously unidentified abnormal 
area, so further diagnostic tests can he performed, 3) to 
detect early lesions before they arc clinically evident, and 
4) to follow' the healing process before the animal is re¬ 
turned to work or training. 48 * 4 '' 63 Specific clinical condi¬ 
tions reported to he diagnosed with thermography are 
early subclinical osteoarthritis, 49,63 particularly in the 
tarsus, suhsolar abscesses, laminins, serous arthritis, ten¬ 
dinitis, and heel pain not associated with the navicular 
banc . 30,49,56,37 ** 2 Temperature changes identified in the 
superficial digital flexor tendon may indicate multiple 
small subclinical fibrillary' ruptures.' These changes 
may repair without progressing to a clinical syndrome 
ana can be identified as much as 2 weeks before clinical 
signs of tendinitis are observed . 31 Muscle injury consist¬ 
ing of strain and inflammation has also been identified 
in the lumbar and pelvic areas and upper hindlimbs and 
foretimbs with thermography. 611 " 62 
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Disadvantages and limitations of thermography are 
1) the cost of tnc equipment, 48 2) the low specificity for 
detection of chronic bone and joint lesionsr and 3) the 
nonspecificity of findings. An area of increased tempera¬ 
ture on an animal's limb may be a normal thermographic 
variation, an inflammatory area on the skin surface, or a 
benign vascular abnormality. For a horse with lameness 
problems and a high skin temperature reading, differen¬ 
tial diagnosis would most usually be between an inflam¬ 
matory lesion and a normal thermographic variation. 
After an abnormal thermographic pattern has been de¬ 
tected, further tests using ultrasonography, radiography, 
and/or biopsy arc necessary to provide a more specific 
diagnosis. 411 Because of the nonspccificity of thermo¬ 
graphic changes, this method should be considered as a 
complementary procedure for diagnosis and a follow-up 
procedure for disease conditions that produce lameness. f 
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Pan II 


ULTRASONOGRAPHY OF THE TENDONS, LIGAMENTS, 
AND JOINTS 

Robert H. Wrigley 


DIAGNOSTIC ULTRASOUND 


Diagnostic ultrasound imaging of equine soft tissues 
began after the development of a gray-scale real-time 
scanner in the early 1980s. As the equipment became 
more portable and less expensive, ultrasound imaging of 
the equine reproductive tract was in widespread use by 
the mid-1980s. Imaging of equine tendons and ligaments 
became practical with the availability of high-frequency 
near-focused ultrasound transducers and high-resolu¬ 
tion real-time display systems. 42 A * When high-resolu- 
tion, 7-MHz, mechanical sector ultrasound scanners be¬ 
came available, the normal ultrasonographic anatomy 


of equine tendons, ligaments, and joints and clinical ap¬ 
plications were descri bed.7,26,-?3 I-m.» , mo,4 2 ’ 4 
5 1-5 2 , 6<>-62 Continued technical improvements resulting 
in better near-field resolution, lower-cost portable ultra¬ 
sound machines, and familiarity generated by ultraso¬ 
nography of the reproductive organs have led to the 
widespread use of ultrasonography in the evaluation of 
soft tissues and joint injuries of lame horses. 

39 , 40 , 46 , 52 , 61.62 


Ultrasound machines operate by producing pulses of 
ultrasound via intermittently energizing piezoelectric 
crystals mounted in a transducer. The same crystals then 
detect the returning echoes resulting from sound-reflect¬ 
ing interfaces. Ultrasound frequencies used for diagnos¬ 
tic ultrasonography range from 1 to 10 MHz; the range 
most commonly used for horses is 3 to 7 MHz. Higher- 


frequency sound is more rapidly attenuated by the body, 
so tissues deeper than 8 cm may not be imaged with 7 
MHz. In higher-frequency transducers, the crystals are 
smaller, and the sound pulses arc close together, leading 
to maximal resolution. This makes higher-frequency 
transducers (more than 5 MHz) most desirable for imag¬ 
ing superficial, fine-detailed structures such as tendons 
and ligaments. Lower-frequency transducers (e.g., 3 to 
5 MHz) provide images of lower resolution but arc able 
to display deeper anatomy. 

Resolution of the display also depends partly on the 
width of the scanning sound beam. The sound beam size 
is controlled by the degree of focusing. The manufacturer 
routinely provides a focusing lens on the crystal surface. 
It is important to select transducers with a focal depth 
optimal for the structures of diagnostic interest. Trans¬ 
ducers with multiple crystals may allow focus adjust¬ 
ment, so an appropriate focal depth can be selected to 
achieve optimum resolution of each patient. 

Returning echoes generate electrical pulses that are 
electronically manipulated and displayed on a monitor 
by the ultrasound machine. K-mode images are generated 
when the echo intensity is distributed over a gray scale 
in which the brightness is proportional to the magnitude 
of each echo. Displays with a gray-scale range of 32 to 
64 are adequate. The contrast of the image is determined 
by the contrast setting of the monitor and the dynamic 
range over which the signal information is displayed. 
High-contrast images are useful for defining the bounda- 
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ries of fluid-containing structures. Lower-contrast im¬ 
ages arc more desirable for soft tissue display. 

The depth {top to bottom location of each object) is 
determined by the time delay associated with the round 
trip travel time of the sound pulses. Echoes from deeper 
reflecting boundaries arrive later and arc displayed at 
greater depths on the monitor. The other component of 
spatial orientation (left to right location) on the display 
may be established by tracking the coordinates of echoes 
as the crystal (mechanical sector transducers) is moved 
across the patient. Alternately, in an array of many small 
crystals, the display of each region on the monitor is 
generated from each appropriate crystal. 

Controls routinely adjusted during the scan include 
the depth and brightness of the display. Depth also con¬ 
trols the size of the displayed images, so the dimensions 
of each structure must always be correlated to a reference 
centimeter scale. Gain controls (overall gain, near and 
far gain) need to be optimized frequently during the 
study to display the objects of interest at an optimum 
gray shade on the monitor. 

Principles of Interpretation 

Echoes are generated whenever the sound beam 
crosses a boundary between structures of differing 
acoustic impedance. Acoustic impedance depends on 
both the sound velocity and the density within a tissue. 
If the sound beam orientation is perpendicular to the 
acoustic boundary, echoes are reflected back toward the 
transducer. The greater the difference in acoustic imped¬ 
ance at the boundary, the greater the intensity of the 
returning echo. Highly reflective boundaries result in a 
bright display. If the sound beam is obliquely angled to 
a boundary, however, it is less bright. If few boundaries 
are present, the display is gray to black. When the sound 
beam traverses perpendicular boundaries separated by 
distances greater than the sound beam pulse length, the 
boundaries are consistently displayed by the ultrasound 
machine as echogenic (specular) reflectors. Boundaries 
closer together than the pulse length cause objects to 
stimulate together. Interaction of the sound beam with 
small, uneven interfaces causes scattering of the sound 
beam. The random realignment and interaction of the 
sound beam result in many weak echoes, which give rise 
to the gray, textured appearance of parenchymal organs. 

A water-filled structure is displayed by ultrasound as 
a black (anechoic) region surrounded by an echogenic 
hyperechoic (bright) wall. If cells or crystals are sus¬ 
pended within the fluid, then variable amounts of scat¬ 
tered echoes are generated, resulting in a grayer (hypo- 
cchoic) appearance to the fluid (Fig. 4.94). Purulent 
fluids and suspended gas bubbles generate many echoes, 
so that some abscess cavities can become equally or more 
echogenic than the surrounding tissue. >f * 

The acoustic impedance of a gas is greatly different 
from tissue. Air and other gases create loud echoes, 
which arc displayed as hyperechoic regions (Fig 4.95). 
If the gas is contained in a cavity, repeating echoes occur 
because the sound is trapped in the highly reflective cav¬ 
ity. This effect (reverberation), combined with slower 
sound velocities in gases, leads to erroneous echoes being 



Figure 4.94 Transverse sonogram of the thigh, revealing a 12- 
cm, well-demarcated fluid accumulation in the region Differential 
diagnosis would be focal abscess or chronic hematoma. Diagnosis 

of an abscess was made from cytology of a sample of fluid 
aspirate. 



Figure 4.95 Dorsal sonogram of the left muscles of the neck of 

a horse that had developed a swelling 3 days after an 
intramuscular injection of Banamine Ultrasonography reveals an 
abnormal hyperechoic focus (arrows) that generates far-field 
reverberation (R) associated with intramuscular gas. Culture of a 
sample of fluid aspirate revealed Clostridium perinngens. which 
was the source of the gas and myositis. 


displayed on the monitor, which obscure the display of 
deeper tissues. Reverberation artifacts may be recog¬ 
nized by observing repeating equally spaced hyperechoic 
lines down the monitor (Fig. 4.95). 

Alternately, the region below a gas-tissue interface be¬ 
gins as a more superficial hyperechoic area overlying an 
area that appears to fade to a black zone. The detection 
of these artifacts helps the clinician locate the site of the 
gas but precludes sonographic evaluation of tissues un¬ 
derneath the gas layers. 

Similarly, the acoustic impedance difference at the 
surface of a calcified region is large. Bone surfaces are 
highly reflective and arc displayed as bright hyperechoic 
lines (Figs. 4.96 and 4.97). This great difference in acous¬ 
tic impedance essentially precludes display of tissue in¬ 
formation deep to the bony surface. A distinct anechoic. 
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Figure 4.96 Longitudinal sonogram of a swollen medial branch 
of the suspensory ligament, showing a bony fragment that had 
avutsed from the surface of the proximal sesamoid. The fragment 
is identified by the hyperechoic tine (arrows) generating tar-field 
acoustic shadowing (S). 



Figure 4.97 Longitudinal sonogram centered along the spine of 
the scapula of a horse that had received a penetrating wound to 
the region and subsequently developed a draining tract. 
Ultrasonography shows an irregular surface contour of the 
normally smooth spine of the scapula (white arrows), which seems 
elevated from the adjacent bones This appearance is consistent 
with periostitis resulting from osteomyelitis The fragment (black 
arrows) could be a detached bone fragment or an echogenic 
foreign body The diagnosis of osteomyelitis and a bone 
sequestrum was confirmed by surgical exploration 


btacked-our region is displayed below bone and is de¬ 
scribed as an acoustic shadow artifact, which helps local¬ 
ize the surface of bones (Fig. 4.96). Areas of dystrophic 
calcification or foreign bodies in soft tissues arc also dis¬ 
played as hyperechoic reflections (Fig. 4.98B), When the 
calcified region or foreign body is of larger dimensions 
than the sound beam, acoustic shadows often occur, 
which help detection of such abnormalities.*^ 




Figure 4.98 A Sonogram of the axilla, showing a fluid-filled 
draining tract (d) extending caudady to a multiloculated fluid cavity. 
A piece of wood had been removed from the area several months 
earlier. 8. Sonogram ot the fluid compartment revealing a 
hyperechoic focus (arrows) with underlying acoustic shadow (S). 
Surgical exploration confirmed another piece of wood in the 
abscess cavity. 


Normal soft tissues generate intermediate levels of 
echoes. Alignment of the ultrasound beam perpendicu¬ 
lar to a fibrous tissue layer, such as a fascial plane, 
blood vessel wall, tendon, or ligament surface, leads 
to reproducible display of hyperechoic (specular) 
boundaries (Fig. 4.99). Boundaries aligned perpendicu¬ 
lar to the ultrasound beam appear brightest. Other 
layers oriented obliquely to the incident sound beam 
arc less bright or are not displayed at all. Reorientation 
of the transducer can help display the missing anatomy. 
The internal parenchyma of the organs generates a 
variable degree of scattered echoes, which fill in the 
regions between the specular echoes. In most parenchy¬ 
mal organs, the scattering is independent of scan angle. 
In organs in which the parenchymal structure is aligned 
in a linear fashion, however, echo intensity varies with 
beam angle. This marked angle-dependent echogenicity 
(anisotropy) is especially noticeable in equine tendons 
and ligaments. 41 
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Figure 4.99 Sonogram ot the nght thigh 3 weeks after a 
suspected tom muscle, showing a large fluid accumulation caused 
by a hematoma 


Applications 

Diagnostic ultrasound imaging of bones has limited 
use, because only the nearest surface is displayed as an 
cchointcnse line. The bony anatomy routinely displayed 
on radiographs (cortices, medulla, and trabecula) is not 
imaged by ultrasonography. Larger discontinuities to 
bony surfaces, such as distracted fractures , 56 avulscd 
chips, and ossification defects resulting from osteochon¬ 
drosis, may be identified by ultrasound imaging (Fig. 
4.96). Practical applications include examination of the 
surfaces of bones of the pelvis (via transrectai and subcu¬ 
taneous acoustic windows) and fractured ribs and long 
bones, such as the scapula, femur, and humerus. Chronic 
osteomyelitis may also he diagnosed after finding an ab¬ 
normally irregular bone surface adjacent to a draining 
tract or an abscess (Fig. 4.97). 4,5A 

Unlike radiography, ultrasonography is extremely 
sensitive to variations in the composition of soft tissues. 
Fluid, such as that in joints, bursa, blood vessels, and the 
reproductive tract, is readily detected and differentiated 
from the surrounding soft tissues. Walled-off abscesses 
are detected as encapsulated fluid pockets (Fig. 
4 94 j i.rtu* y) 1e echogenicity of the contents of abscess 
cavities depends on the degree of cellularity/inspissation 
or gas formation. Abscess echogenicity most commonly 
ranges from ancchoic to hvpoechoic, compared with the 
adjacent soft tissue; an abscess can also be more ccho- 
genic than the surrounding tissue. Ballottement of echo- 
genic abscesses gives rhe echoes a swirling appearance, 
aiding recognition of the fluid nature of the material. 

If the abscess is secondary to a foreign body (Fig. 
4.98), an additional hyperechoic object may be detected 
within the cavity. The foreign body may generate a far- 
field acoustic shadow when it is larger than the diameter 
of the ultrasound beam . 2,3 Unfortunately, the shadow¬ 


ing generated by gas and calcified structures can be con¬ 
fusingly similar in appearance. A radiographic examina¬ 
tion of the region helps, as gas, metallic foreign bodies, 
and calcification are readily apparent. If no abnormali¬ 
ties are detected on the radiographs, the shadowing ob¬ 
ject in the abscess is most likely to be a foreign bodv 
(Fig. 4.98B), 

Ultrasonography also helps in the evaluation of the 
course of a draining tract (Fig. 4.98A). l ~ The soft tissues 
in the region should be imaged to locate possible abscess 
cavities or foreign bodies. Further delineation of the tract 
can be achieved by injecting sterile water or saline < being 
careful not to include air) to make the distended fluid- 
filled tract more visible. It may be possible to trace the 
tract to a foreign body or a bone surface, which may 
suggest the presence of osteomyelitis . 56 

Ultrasonography of a normal triceps muscle reveals 
echogenic striations separated by ancchoic areas. The 
fascia dividing muscle bellies appears as echoic lines. 
Postanesthetic triceps myopathy results in an overall in¬ 
crease in echogenicity with loss of the normal srria- 
rions . 58 

injuries to muscle may result in hematomas, ab¬ 
scesses, and fibrosis. An acute or diffuse bleed may be 
difficult to locate via ultrasound because fresh clotted 
blood is initially echogenic . 3 After 3 to 4 days, hematoma 
formation results in ancchoic loculated fluid. Unfortu¬ 
nately, rhe ultrasonographic appearance of organized he¬ 
matomas (Fig. 4.99) and abscesses (Fig. 4.94) is similar. 
Once the fluid cavity has been located, needle aspiration 
and cytology can establish a diagnosis. Alternately, mus¬ 
cle injury may appear hyperechoic because of regions 
of abnormal fibrosis , 1 Chronic fibrotic myopathy of the 
semimembranosus and semitendinosus muscles can be 
detected as hyperechoic changes in the muscle tissue (Fig. 
4.100 ). 13 

Tendon, ligament, and joint injuries commonly occur 
in equine athletes. Clinical evaluation may reveal lame- 



Figure 4.100 Transverse sonogram ol the muscles ot the 

thigh, showing hyperechoic tissue (arrows) in the 
semimembranosus muscle, caused by marked fibrotic myopathy 
Compared with the adjacent fibrosis, the underlying muscle belly 
has the relatively hypoechoc appearance of normal muscle 
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ness, local heat, swelling, and pain. Ultrasonography en¬ 
ables the evaluation of the size, shape, and relative echo¬ 
genicity* of each of the tendons and ligaments and of the 
surrounding tissues {bursa, tendon sheath, and synovial 
and subcutaneous tissues). The exact location, severitv, 
and extent of the injury can be determined. 

This additional information 
helps the veterinarian develop the best therapeutic plan. 
Surgical intervention may be indicated, depending on the 
type, nature, and extent of the injury'. Serial follow-up 
ultrasound imaging is useful for monitoring the healing 
process and customizing the exercise regime to maximize 
the likelihood of recovery. 


Equipment 

Veterinary ultrasound equipment represents a small 
segment of the medical imaging market, and so the veter¬ 
inary practitioner has a limited choice of affordable 
equipment suitable for tendon imaging. A small portable 
machine is desirable, as it can be moved easily around 
horses and lx* carried to racetracks, training facilities, 
and horse farms (big. 4.10! >. High-resolution images are 
mandatory, since the tendons and ligaments arc rela¬ 
tively small structures and it is important to detect even 
slight injuries. High-frequency transducers (about 7 
MHz) arc necessary for obtaining detailed images of ten¬ 
dons and ligaments (Fig. 4.102). Resolution also is de¬ 
pendent on using an ultrasound beam that is focused 
to a narrow width in the structures of most diagnostic 
interest. An ultrasound machine that allows the operator 
to select the depth of the focal plane is oprimal because 
it allows the tendon or ligament of most interest to be 
examined in highest detail. 

The initial descriptions of tendon ultrasonography 
were made with 7-MHz, mechanical sector trans¬ 
ducers. *4,42,4 b.4v,si with these transducers, the crystal 

is rotated or rocked back and forth to create a pie-shaped 
(inverted V) scan. When such transducers arc configured 
with only a single crystal, the focus is at a fixed depth. 



Flgur* 4.101 Examples of high-resolution, portable ultrasound 
machines. Multiple linear and convex array and mechanical sector 
transducers can be connected to the ultrasound machines. Focus 
depth and operating frequency are adjusted on the machine. 



Figure 4.102 Linear array-type 7 5-MHz transducers used tot 
tendon imaging. Top left An end fire-type transducer that can be 
operated at 10 or 7.5 MHz Top right. A side fire-type transducer 
suitable for transrectal applications Bottom right. Standoff 
attachment for the transducer jusl above is readily attached to the 
transducer with Velcro tape Bottom left An alternate, more 
difficult approach is to hold the standofl material between the 
transducer and the skin 


Imaging of structures below the skin, such as the superfi¬ 
cial digital flexor tendon, is difficult, as rhe tendon is 
incompletely displayed in the narrow region of the sector 
image. The addition of an acoustic standoff (Fig. 
4.102), 50 either built into the transducer or provided as 
a slip-on attachment/ greatly improves the superficial 
resolution. Such a system provides excellent images in a 
transverse plane. When a sector transducer is aligned to 
the long axis of a tendon, the scan angle varies along the 
long axis of the fibers. Directly below the transducer, 
the intonation angle is 90°, optimizing the return and 
detection of echoes. As the crystal moves to each side, 
fewer echoes return to rhe transducer, and the tendons 
or ligaments appear to have less echogenicity. 

The development of affordable ultrasound machines 
that control arrays of stationary crystals (up to 12H) has 
helped to overcome some of the limitations of mechani¬ 
cal sector transducers. Such arrays can he fabricated into 
a curved surface, creating a pic-shaped image, or can be 
arranged in a line, creating a rectangular image. Broader 
ranges of frequency arc available, allowing a single trans¬ 
ducer to be operated at about 7 MHz for tendon imaging 
and 5 MHz for imaging of deeper structures such as is 
necessary for deep-seated muscle abscesses and transrec¬ 
tal reproductive examinations. The effective focal plane 
is also adjustable, so the sonographer can select the opti¬ 
mal plane for rhe structures of interest. The near-field 
image is improved; and superior acoustic impedance 
matching of the crystal surface to patient tissues has been 
developed, which reduces the need for shaving the hair. 

Accessory Equipment 

Optimum imaging of the most superficial tissues can 
be problematic, as the structures may lx* hidden in the 
near-field artifact and he out of the focal plane. Acoustic 
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iindoft materials allow elevation of the ultrasound 
ansduccr from the skin while an air-free acoustic coup- 
rig path is being maintained. Soft srandoff materials 
onform to the curved surface of the limb, enabling a 
iider field of view.' 1 A 7-MHz sector transducer with a 
Lit It-in soft-ended standoff is easy to use and provides 
xcellent resolution of both superficial and deeper struc- 
ircs in a transverse plane. Lcss-cxpensivc options in- 
jude silicone and gel standoff pads and a removable 
-andoff pad. Inexpensive gel pads can he cut to size and 
upped between the fingers holding the transducer when 
naging superficial structures. Attachable silicone pad 
andoffs arc more convenient, although more expen¬ 
se. 5 A thin strap (about 1 cm) of standoff pad, com- 
i ned with a 7-MHz, high-resolution, adjustable-focus 
near transducer, provides excellent tendon and liga- 
ncnt images (Fig. 4.102), 


mage Records 

A method of recording the ultrasound images is neces- 
iry for medical and legal reasons. Still (frozen) images 
in he photographed onto Polaroid or regular phoro- 
-aphic film (by a video camera), printed out by a medi¬ 
al-grade printer, or digitized and stored on computer 
itsk. The cost per paper print is low. An alternate ap- 
roach is to make a videotape record of the exami nation. 

MAGING PROCEDURES AND PROTOCOLS 
facilities and Restraint 

The restraint required while performing equine ultra - 
onography varies greatly with the procedure and tem- 
rrament of the horse. A major concern is that an unre- 
irained horse may damage the expensive ultrasound 
lachinc. Furthermore, because the sonographer is 
i crking around the lower limbs and watching the moni- 
or rather than the horse, he or she may react too late 
o an unexpected movement by the horse. Restraining 
te horse in stocks is ideal, and using appropriate levels 
¥ sedation should be considered. A combination of xy- 
; zinc and butorphannl seems adequate in most cases, 
aecause it is advantageous to watch the ultrasound 
nage in a darkened environment, optimum scanning is 
thieved in stocks that have subdued lighting. 

ratient Preparation 

Ultrasound images cannot be obtained unless there is 
i>od acoustic coupling between the transducer and skin, 
mages arc obtained after clipping the hair over the re- 
iion of interest. When standoff material is used, opti- 
lum acoustic coupling occurs when the remaining hair 
rubble is shaved. Ultrasound acoustic coupling gel 
nould be applied to the transducer and/or standoff sur- 
ices and the clipped surfaces. Thick and sricky gel ad- 
seres best to the skin during the study. After completion 
¥ the examination, the gel should be washed from the 
xin and adjacent hair to prevent the possibility' of a 
ypersensitiviry reaction. 

If for aesthetic reasons hair removal is unacceptable 


(e.g., with show animals), diagnostic images can he ob¬ 
tained as long as the hair coat is thin and liberal amounts 
of liquids are applied to the hair and skin before and 
during the study. It is best to identify, from the ultra¬ 
sound machine manufacturer, which solutions (e.g., 
soapy water, diluted alcohol, hair conditioner, or min¬ 
eral oil) will not damage the transducer. 

Localization Techniques 

Accurate localization and recording of the abnormali¬ 
ties are important for diagnosis and for allowing com¬ 
parison on reexamination. The first described localiza¬ 
tion technique divided the length of the metacarpus into 
three anatomic zones (1 to 3) and then divided each zone 
into subsections (A to B or A to C) (with the length of 
each zone being the width of four fingers), 26 An alternate 
and more reproducible technique (my preference) is to 
reference scans to palpable bone landmarks (e.g., acces¬ 
sory carpal bone, calcaneus, or sesamoids). This can be 
readily achieved by attaching a tape measure to the side 
of the limb (Fig. 4.103), w r hich also helps to document 
the length of a lesion. 



Figure 4.103 A convenient localizing technique is to write 
centimeter markings on a strip of adhesive bandage Readily 
palpable points in this case include the distal border of the 
accessory carpal bone, the proximal sesamoids, and the tuber 
calcaneus. 
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Scanning Procedures 

Ultrasound scanning should be performed in at least 
two right-angle planes. Transverse scans (made by 
aligning the ultrasound beam parallel to the ground) 
are useful for evaluating the cross-sectional size and 
echogenicity of the tendons and ligaments, longitudi¬ 
nal scans (made by aligning the ultrasound beam verti¬ 
cally to the ground) establish the length and morphol- 
ogy of the tendon fibrils. Tendons and ligaments should 
be examined while under full weight-blearing tension. 
Relaxation of the flexor tendons results in a significant 
reduction in the mean gray scale of the tendon image, 44 
resulting in hypocchoic artifacts that could be mistaken 
for injuries. 

Transverse plane imaging is usually done first. After 
placing the transducer on the skin surface, it is important 
to align the ultrasound beam perpendicular to the long 
axis of the tendon or ligament. This can be achieved by 
slightly rocking the rear side of the transducer up and 
down and observing the relative echogenicity of the 
structures. The optimum angle of insonation is achieved 
when the image of the ligament or tendon is brightest. 
Once this angle has been established, then optimization 
of the machine settings should be checked. Machine con¬ 
trast settings should be set to the full gray scale available 
on the ultrasound machine. 

If the focus is adjustable, it should be moved to the 
deprh of diagnostic interest. Near- and far-gain settings 
need to be balanced so that similar structures near the 
surface appear the same as they do in the deeper field. 
Also, the overall gain (brightness) of the image should 
be optimized for the surrounding environmental light 
conditions. 

The transducer is then moved slowly proximal and 
distal so that the tendons and ligaments of interest are 
well displayed. The angle of insonation needs to be 
constantly reoptimized so that each structure can he 
visualized. Overall gain settings should be frequently 
adjusted to keep the image display optimized. Use firm 
digital pressure to push the transducer or standoff 
against the skin, and add more gel frequently. Firm 
digital pressure should not be used when synovial dis¬ 
tension is being evaluated, as the pressure can result 
in collapse of fluid spaces. Scan slowly over regions 
of interest multiple times to allow full observation of 
the relative sizes, shapes, borders, relationships, and 
internal echogenicity of the tendons, ligaments, and 
surrounding structures. 

After the structures are evaluated in a transverse 
plane, the transducer should be turned into a longitudi¬ 
nal plane with the image aligned so that the proximal 
end of the region is displayed on the left side of the moni¬ 
tor (distal to the right). After reoptimizing the imaging 
parameters, move the transducer slowly to the lateral 
and medial sides. The relative echogenicities and internal 
alignment of the tendons and ligaments can be com¬ 
pared. Lesions found on the transverse images must be 
reevaluated on the longitudinal plane. This establishes 
the length of the injury and the relative fiber alignment 
in the tendons and ligaments. 


Ultrasonography of Normal Flexor 
Tendons and Accessory Ligaments 

The figures discussed in the following text appear ii 
the section. Normal Sonographic Anatomy for Equir 
Lameness F'xaminarions, later in this chapter. 

Forelimb 

Figure 4.104 shows the major structures of the for* 
limb, and Table 4.5 provides linear measurements a nr 
cross-sectional area measurements.”'* 4 

The flexor tendons proximal to the carpus (Fig 
4.105) arc examined by placing the transducer on tlr 
medial aspect of the distal antebrachium just distal a 
the chestnut. 8 * 57 The superficial and medially located ra 
dial and median arteries and cephalic vessels should h 
identified, as they arc useful landmarks. The tendon a 
the flexor carpi radial is is the most medially located ten 
don lying against the surface of the radius. This tender 
and the median artery help locate the accessory ligamcn 
of the superficial digital flexor tendon. 111 The accrsson 
ligament originates on the caudomedial aspect of the ra 
dius, 7 to 11 cm proximal to the antcbrachiocarpal joint 
The accessory ligament is homogenously echogenic a nr 
is located lateral to the tendon of the flexor carpi radiali i 
between the surface of the radius medial ro the superficu 
digital flexor tendon and deep to the median vessels, : 
This fan-shaped fibrous hand runs distocaudally, to ai 
tach to the medial side of the superficial digital flexi: 
tendon. 

The superficial digital flexor tendon arises from tL 
musculotendinous junction of the superficial digit; 
flexor muscle and blends with the accessory ligament a 
fuse into a round tendon just proximal ro the carpu 
(Figs. 4.105 to 4.107). 8,5 The tendon runs through th 
carpal synovial sheath on the medial side of the carp; 
canal. The deep digital flexor tendon arises from thro 
muscular bodies and appears just proximal to the carpui 
Additional insertions occur from muscle bellies to th 
level of the carpus. In the carpal canal, the deep digit; 
flexor tendon is triangular in shape and measures 0.9 a 
1.1 cm in the dorsal to palmar direction and is locates 
lateral to rhe adjacent superficial digital flexor tendti: 
and medial to the accessory carpal bone. 

The flexor tendons and accessory (check) ligament o 
the deep digital flexor tendon are best examined by plat 
ing the transducer on the palmar skin surface. A stando« 
pad helps obtain optimal images of the superficial digit; 
flexor tendon. In the proximal metacarpal region, tH 
superficial digital flexor tendon (Figs. 4.108 to 4,11 
4.117, and 4.118) is slightly to the medial side of tH 
deep digital flexor tendon and becomes flattened into 
half-moon shape. The lateral border is sharp, and tH 
medial border is more rounded/ 4 The transducer an 
standoff should have good contact on the lateral surfaa 
ro ensure detection of smaller lareralizcd lesions. TH 
superficial digital flexor tendon is slightly less echogem 
(blacker) than the adjacent and rounded deep digit;: 
flexor tendon. The shape of the superficial digital flexu 
tendon gradually becomes flattened and more strap!)M 
proximal to the fetlock (Figs. 4.111 to 4.114 and 4,11** 
There, the superficial digital flexor tendon blends inr 


Copyrighted material 



Chapter 4 Equine Diagnostic Imaging 319 




Copyrighted material 




320 Adams Lameness in Horses 


the manica flexoria, a fibrous ring that encircles the un¬ 
derlying deep digital flexor tendon. 

Distal to the fetlock and palmar to the deep digital 
flexor tendon, the superficial digital flexor tendon be¬ 
comes thinner and separates to form two echogenic 
branches that run beside the lateral and medial borders 
of the deep digital flexor tendon (Figs, 4,121 to 4,125). 
The branches are best detected by rocking the transducer 
away from rmdline and directing the sound beam some¬ 
what lateral or medial in order to image the respective 
branch." The superficial digital flexor tendon ends 
when two branches insert onto the scutum medium, a 
thick fibrocartilaginous structure attached to the proxi- 
mopalmar aspect of the middle phalanx/“ 

At the level of the proximal metacarpus, the deep digi¬ 
tal flexor tendon is rounded and located dorsal to the 
superficial digital flexor tendon (Figs. 4.108 to 4.114, 
4.117 to 4.119). 8 * 5 " The accessory ligament of the deep 
digital flexor tendon arises from the palmar ligamentous 
tissues of the carpus (Figs. 4.108 to 4.111 and 4.117 to 
4.119).*’ 44 In the proximal half of the metacarpus, the 
accessory ligament runs obliquely toward and attaches 
to the dorsal surface of the deep digital flexor tendon. 
After incorporating the accessory ligament, the deep dig¬ 
ital flexor tendon becomes more oval and passes through 
the manica flexoria. At the level of the proximal phalanx, 
the deep digital flexor tendon may appear as two sym¬ 
metrical bundles, the echogenicity of which depends on 
the scan angle (Figs. 4.121 to 4.125). The transducer 
should be rocked from side to side to evaluate the size 
and margins of the deep digital flexor tendon, which 
should be symmetrical and well defined." The tendon 
continues distally, becoming flatter, until it disappears 
from view under the heel bulbs. 

Synovial Sheaths 

The carpal synovial sheath encircles the superficial 
digital flexor tendon and deep digital flexor tendon in 
the carpal canal (Figs. 4.108, 4.109, and 4.117).* The 
synovial sheath extends distad for approximately one- 
third the length of the metacarpus. On ultrasonography, 
a small amount of fluid is frequently observed in the 
distal recess between the deep digital flexor tendon and 
the accessory ligament. 

The digital synovial sheath begins in the distal meta¬ 
carpus, 4 to 7 cm above the proximal sesamoid hones, 
and extends distad to the distal third of the middle pha¬ 
lanx (Figs. 4.113, 4.114, and 4.121 to 4.125). 8 The pal¬ 
mar border of the digital sheath blends with and is sup¬ 
ported by the palmar anular ligament at the fetlock and 
the proximal digital anular ligament below the fetlock. 
The proximal recess of the digital sheath is located proxi¬ 
mal to the manica flexoria in the distal fourth of the 
metacarpus. 

Additional collateral recesses are located on the lat¬ 
eral and medial aspects of the pastern, between the flexor 
tendons and the distal sesamoidean ligaments. Fluid is 
frequently revealed by ultrasonography in the collateral 
recesses of normal horses. 

Suspensory Ligament 

The suspensory ligament runs along the palmar sur¬ 
face of the third metacarpal bone and between the second 


and fourth metacarpal bones. 1 ' 1 ' * In the forelimb, the 
suspensory ligament originates, in part, from the palmar 
carpal ligament and the proximal end of the third meta¬ 
carpal bone (Figs. 4.108 and 4.117). In the hindlimb, 
the suspensory ligament originates just below the tarsus. 
The body of the suspensory Ligament along the proximal 
half of the metacarpal and/or metatarsal region should 
be examined with a deeper-focused transducer without 
a standoff pad (Figs. 4.108 to 4.110 and 4.117 and 
4.118). The suspensory ligament has a less orderly ultra¬ 
sonic appearance than the overlying ligaments and ten¬ 
dons txfeausc of the presence of some amount of residual 
muscle tissue. 6 * 

In one study of 350 norma) horses, similar echogeni¬ 
city and dimensions were found in the suspensory liga¬ 
ments of both forelimbs in each horse/ 1 Variable ccho- 

f jenicity, including well- or poorly defined, centrally 
oca ted hypoechoic areas, however, were observed be¬ 
tween horses. The fore suspensory ligaments were ap¬ 
proximately rectangular in cross section, sometimes ap¬ 
pearing with two heads that were separated by a less- 
echogenic hand.' 1 Standardbreds have more residual 
muscle tissue (14% of total area) than Thoroughbreds 
(10% of total area). Thoroughbred horses in training 
have significantly less residual muscle remaining in the 
suspensory ligament than similar nonrrained horses 
have. 66 

At the level of the distal third of the metacarpus and/ 
or metatarsus, the suspensory ligament divides into two 
branches (Fig. 4.111), each of which continues distad to 
attach onto the abaxial surfaces of the proximal sesa¬ 
moid bones. The branches are best imaged bv moving 
the transducer and standoff either dorsolaterally or dor- 
somedially, directly onto each respective branch (Figs. 
4.112, 4.113, 4.115, 4.116, and 4.120). The medial 
branch is slightly larger than the lateral branch. Both 
branches are more echogenic than the body of suspen¬ 
sory ligament. Orderly longitudinally aligned fibers can 
be seen inserting onto the abaxial border of the proximal 
sesamoids (Fig. 4.120). 

Accessory Ligament of the Deep Digital Flexor 
Tendon 

The accessory ligament of the deep digital flexor ten¬ 
don (carpal, distal, or inferior check ligament) is a distal 
continuation of the common palmar ligament (fascia) of 
the carpus (Figs. 4.108 to 4.111 and 4.117 to4.119). ,lrt 
Proximally, the accessory ligament is rectangular and be¬ 
comes progressively thinner as the ligament becomes ad¬ 
herent to the dorsal surface of the deep digital flexor 
tendon. Throughout its length in the middle third of the 
metacarpal region, the ligament is crescent shaped and 
molded to the dorsal surface of the deep digital flexor 
tendon (Figs. 4.109 to 4.111). The accessory ligament 
blends into the deep digital flexor tendon, ending just 
proximal to the distal extremities of the small metacarpal 
! splint) bones (Figs. 4.111,4,118, and 4.119). The fibers 
of the accessory ligament are aligned tn a slightly dorsal 
to palmar direction as the ligament runs toward the deep 
digital flexor tendon. This unparalleled alignment pre¬ 
cludes simultaneous optimum insonation angles to both 
the accessory ligament and the deep digital flexor 
tendon. 

Examination of the accessory ligament should be 
made while the limb is weight hearing, since reduced 
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tension can produce a hypocchoic appearance.' The 
dense, compact fibrous nature of the ligament normally 
gives rise to a hypercchoic appearance. In most horses 
imaged optimally, the accessory ligament is more echo- 
genic than are the flexor tendons (Figs. 4.108 to 4.111). 
Some variability exists, however, and if the insonation 
angle is made optimal for the flexor tendons, then the 
accessory ligament often appears less echogenic/ ’ Ul¬ 
trasound examination should be focused on the acces¬ 
sory ligament alone, and interpretation should be limited 
to insonation angles at which the ligament appears most 
echogenic. 

Distal Sesamoidean Ligaments 

The distal sesamoidcan ligaments act as a functional 
distal continuation of the suspensory ligament. 8 *'' 7 All 
the ligaments arise from the base of the proximal scsa- 
moids and interscsamoidean ligament. The intersesa- 
moid ligament is readily observed between the proximal 
sesamoid bones during transverse scanning of the flexor 
tendons at the level of the fetlock joint (Fig. 4.114). The 
straight sesamoidean ligament is a thick echogenic band 
that inserts on the scrutum medium at the distal end of 
the middle phalanx (Figs. 4.121 to 4.12.5), 40 It is triangu¬ 
lar in shape proximally—measuring 6 to 8 mm dorsal to 
palmar and 18 to 22 mm lateral to medial—and becomes 
more oval distally—measuring 7 to 9 mm by 14 to 18 
mm (Figs. 4.121, 4.124, and 4.125). 51 

The oblique sesamoidean ligaments are observed as 
two thin triangular bands running on the palmar surface 
of the proximal phalanx adjacent to each side of the 
straight sesamoidean ligament (Fig. 4.121). The liga¬ 
ments become progressively thinner as they insert on to 
the middle half of the proximal phalanx. 40 The short 
sesamoidean ligaments are difficult to differentiate from 
the deep portions of the proximal end of the oblique 
sesamoidean ligament. 5 The cruciate sesamoidcan liga¬ 
ments are thin and closely opposed to the dorsal surface 
of the straight sesamoidean ligament. 

Anular Ligaments 

The palmar digital anular ligament attaches to the 
palmar border of the proximal sesamoid bones (Fig. 
4.114). This strong ligament binds down the flexor ten¬ 
dons and, combined with the proximal sesamoid bones, 
forms a tunnel through which the flexor tendons cross 
the fetlock joint. 8 Since the ligament is difficult to detect 
with ultrasound, a practical approach is to measure the 
distance from the skin surface to the edge of fluid in the 
digital synovial sheath or to the surface of the superficial 
digital flexor tendon. 11,1 This measurement is made at 
the level of the apex of the proximal sesamoid bone. 
The skin and the ligament thickness in normal horses 
measure 3.6 mm and 0.7 mm, respectively. 1 In the ab¬ 
sence of overlying scar tissue, measurements of 9.1 mm 
and 2.3 mm were associated with desmitis of the anular 
ligament. 1 When the anular ligament is thickened, 
transverse scans (best angled obliquely toward the sesa- 
moids) may demonstrate a thickened hypercchoic liga¬ 
ment. 

The proximal digital anular ligament is normally a 
thin fibrous tissue layer supporting the digital sheath dis¬ 
tal to the fetlock (Figs. 4.121,4.122, and 4.124), In nor¬ 


mal horses, the ligament is not detected by ultrasound. 1 
The combined thickness of the skin and ligament at the 
level of the middle of the proximal phalanx should not 
exceed 3 mm. 

Blood Vessels 

The digital vessels, especially the veins, are observed 
on the lateral and medial sides of the metacarpus and/ 
or metatarsus just superficial to the suspensory ligament 
(Figs. 4.111 and 4.112). 8 * 5 Branches at various loca¬ 
tions are sometimes observed joining the two veins be¬ 
tween the accessory ligament of the deep digital flexor 
tendon and the suspensory ligament. In the distal meta¬ 
carpal and/or metatarsal region, the vessels lie beside the 
branches of the suspensory ligament (Fig. 4.115 and 
4,116). The vessels become larger in si/e and prominent 
after injury to the tendons and ligaments. 

Hindlimb 

The tendons and ligaments distal to the mid metatarsal 
region appear similar to those of the fore limb. The ten¬ 
dons and ligaments of the tarsal canal and proximal 
metatarsus, however, differ greatly from those of the 
forelimb. 

F.xa mi nation of the flexor tendons and ligaments of 
the hindlimb begins on the plantar aspect of the tarsus. 
The gastrocnemius tendon can be located by finding its 
insertion onto the plantaroproximal end of the calcaneal 
tuberosity and tracing it proximad (Figs. 4.126 and 
4.127). 21 The rwo bellies of the gastrocnemius muscle 
form a common tendon enfolding caudally the proximal 
portion of the superficial digital flexor tendon. 1 ' The 
combined tendons of the gastrocnemius and superficial 
digital flexor and contributions from the biceps femoris 
and semitendinous muscles form the Achilles tendon. 1 * 
Proximal to the tarsus, the gastrocnemius tendon is 
rounded and then becomes progressively flattened and 
crescent shaped at its insertion on the calcaneal tuberos¬ 
ity. The proximal end of the gasrrocnemius tendon has a 
patchy echogenicity because of the persistence of muscle 
tissue (Fig, 4.126). The echo pattern becomes more uni¬ 
form as the gastrocnemius tendon becomes aligned cra¬ 
nial to the superficial digital flexor tendon, 24 

The superficial digital flexor tendon at the level of the 
distal tibia is located medial and deep to the gastrocne¬ 
mius tendon (Fig. 4.127). The rounded superficial digital 
flexor tendon then crosses to lie superficially to the gas¬ 
trocnemius tendon at the level of calcaneal tuberosity. 11 
There the superficial digital flexor tendon becomes flat¬ 
tened (cranial to caudalj and wider than the underlying 
gastrocnemius tendon.' 7 The calcaneal bursa lies be¬ 
tween the two tendons and runs from the distal tibia to 
the mid tarsus, usually communicating with the gastroc¬ 
nemius bursa. An additional subcutaneous bursa mav be 
observed overlying the superficial digital flexor tendon. 
A small amount of synovial fluid is normally observed 
in these bursae. 

An additional thick fibrous structure, the plantar liga¬ 
ment, arises on the calcaneus distal to the insertion of 
the gastrocnemius tendon. 15,5 The plantar ligament is 
a thick band lying on the lateral plantar surface of the 
tarsal bones and extends distally to insert on the fourth 
tarsal and metatarsal bones (Fig. 4.128). The superficial 
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digital flexor tendon is located superficial and medial to 
the plantar ligament/ As the superficial digital flexor 
tendon courses distad over the tarsus, the tendon be¬ 
comes more semicircular and moves medially toward the 
deep digital flexor tendon. ; By the proximal metatarsus, 
the tendon lies plantar and lateral to the deep digital 
flexor tendon (Fig. 4.129). The superficial digital flexor 
rendon assumes a comma shape, with the thicker portion 
lying lateral to deep digital flexor tendon and measuring 
^ to 9 mm In the dorsal to palmar direction. 5 As in the 
forelimb, the tendon becomes thinner and wider by the 
midmetatarsal region and replicates the anatomy ob¬ 
served in the fore limb 

The principal component of the deep digital flexor 
tendon forms at the distal end of the tibia. The round 
tendon runs in the tarsal groove, over the surface of the 
sustentaculum and medial to the tuberosity of the calca¬ 
neus (Fig. 4.128). The deep digital flexor tendon is held 
in place by the flexor retinaculum and is encircled by a 
synovial sheath. Phis tarsal sheath begins at the level of 
the distal tibia and extends to the proximal metatarsus.' 
The flexor tendons at the level of the proximal metatar¬ 
sus arc not as well aligned as in the forelimb. The superfi¬ 
cial digital flexor tendon is more lateral and the deep 
digital flexor tendon is more media) to both the superfi¬ 
cial digital flexor tendon and the suspensory ligament 
(Fig. 4.129). Deep digital flexor tendon has dimensions 
similar to those in the forelimb. The accessory ligament 
of the deep digital flexor is thinner and more variable in 
size (1 to 3 mm)/’ 

F.xamination of rhe proximal suspensory ligament 
(Fig. 4.129) in the hindlimb is more difficult than is ex¬ 
amination in the forelimb because of edge shadow arti¬ 
facts resulting from the offset location of the overlying 
flexor tendons. 21 In Standardbrcds, the muscle content 
is significantly greater in the hindlimb than in the fore¬ 
limb. An opposite trend is found in Thoroughbreds**; 
the proximal end of the suspensory ligament is more 
rounded in the hindlimb than in the forelimb. Measure¬ 
ments of the proximal suspensory ligament are 1 to 2 
mm larger in the hindlimb than in the forelimb. Measure¬ 
ments of the branches are usually equal to or l to 2 mm 
larger than those in the forelimb. 

Ultrasonography off Joints 

Although radiology remains the primary diagnostic 
imaging technique for evaluating equine joints, ultraso¬ 
nography can he used to evaluate cartilage thickness, 
differentiate between soft tissue thickening 4 *and fluid 
distension, identify avulsed bone fragments, and evalu¬ 
ate periarticular ligaments. 

Articular cartilage appears as a well-defined, thin hy- 
pocchoic line overlying a smooth appropriately shaped 
bone surface. Ultrasonography enables assessment of the 
cartilage thickness. 14,4 The cartilage is more obvious in 
foals than in adult horses because of its greater thick¬ 
ness. 4 Unfortunately, the curving and opposing nature 
of the bony surfaces prevent ultrasonographic display of 
the majority of articular cartilage. Additional areas of 
the articular surface may be examined, however, after 
flexing selected joints to allow greater exposure of the 
articular cartilage/’ 64 


Synovial fluid is difficult to detect, except in periarti¬ 
cular recesses. However, ultrasonography can readily re¬ 
veal distension of periarticular joint recesses associated 
with joint effusion/ 1 The clinician must he careful not to 
apply excessive scanning pressure because it may com- 

S ress the joint sufficiently to squeeze out the synovial 
uid, making it difficult to detect the abnormal synovial 
effusion/ Light scanning pressure is recommended. Effu¬ 
sion is relatively easily recognized in a severely distended 
joint because the elevated synovial fluid pressure makes 
the joint less likely to collapse. Ultrasonography can 
identify joint capsule thickening and reveal chronic pro¬ 
liferative synovitis, 41,6 5 

Ultrasonography is particularly userid for evaluating 
the major periarticular ligaments/* 14,15,4 The larger col¬ 
lateral ligaments and patella ligaments are readily exam¬ 
ined/* 14 * 4 The collateral ligaments tend to have a more 
variable echogenicity because of the presence of spiral 
and crossed fibers, which result in a more heterogeneous 
echogenicity/ Examination of the contralateral joint is 
especially useful, since it helps establish the normal sono¬ 
graphic appearance of infrequently evaluated structures. 

Carpus 

The extensor carpi radialis tendon is imaged on the 
dorsal surface of the distal radius and courses distad 
across the medial aspect of the carpal bones to insert on 
the third metacarpal tuberosity/ 4 In the transverse 
plane, the tendon appears as an oval to elliptical echo- 
genic structure between 6 and 7 mm thick and 16 and 
1 9 mm wide. The tendon flattens and widens as it crosses 
the carpus and is surrounded by a sheath containing min¬ 
imal fluid. In the longitudinal plane, parallel linear fiber 
alignment can be seen. Deep to the tendon, less-echo- 
genic fat pads are located on the surface of the antebrach- 
i ocarpal and middle carpal joints. The surfaces of the 
underlying carpal bones are seen as hypercchoic lines/ 4 
The radiointermediate ligament can be detected as a hy- 
poechoic structure running between the radial and inter¬ 
mediate carpal bones. 

The common digital extensor tendon begins on the 
distal surface of the radius, lateral to the extensor carpi 
radialis tendon and superficial to the hypocchoic exten¬ 
sor carpi obliquus muscle. In rhe transverse plane, the 
tendon begins as a triangular-shaped structure and then 
becomes oval and flattened as it runs distally across the 
carpus. At the level of the radius, the common digital 
extensor tendon measures between 4 and 5 mm thick 
and 16 and 18 mm wide. The tendon runs mainly over 
the surface of intermediate carpal bone and becomes 
more flattened in cross section as it runs distad over the 
third and fourth carpal bones. At the level of the meta¬ 
carpus, the tendon measures between 3 and 4 mm thick 
and 12 and 14 mm wide and fuses with the lateral digital 
extensor tendon. In the longitudinal plane, parallel align¬ 
ment of hyperechoic fibers, similar to that of the extensor 
carpi radialis tendon, is observed. Because of the pres¬ 
ence of a synovial sheath, a thin anechoic line encircles 
the tendon. 

The lateral digital extensor and extensor carpi obli¬ 
quus tendons arc much smaller structures and more diffi¬ 
cult to evaluate than the extensor carpi radialis tendon 
because they are only 3 to 4 mm thick/ 1 The collateral 
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ligaments are not as easily located as arc the extensor 
tendons, 64 The lateral collateral ligament can be traced 
along the lateral distal aspect of the radius and across 
the ulnar and fourth carpal bones. The Lateral collateral 
ligament has a more heterogeneous echo pattern than 
the medial collateral ligament. The articular cartilage 
cannot be evaluated in a standing horse. If the carpus is 
held in a fully flexed position* the articular cartilage on 
the distal aspect of the radius can he observed as a 
smooth anechoic layer between two echogenic lines rep¬ 
resenting the soft tissue-cartilage and cartilage-bone in¬ 
terfaces/ 4 

Fetlock 

The dorsal aspect of the fetlock joint is readily accessi¬ 
ble to ultrasound imaging, 9,41 ’* 3 The entire dorsal aspect 
of the fetlock can be examined in both longitudinal and 
transverse planes. If hypoechoic changes arc seen on the 
dorsal joint capsule* repeat imaging should he performed 
with the limb in a flexed non-wcight-bcaring position* 
which tightens the joint capsule and causes artifactual 
hypoechoic areas to disappear. 9 The distal dorsal surface 
of the metacarpus and the proximal phalanx serve as 
useful landmarks. In the transverse plane* the intermedi¬ 
ate sagittal ridge will be apparent at the level of the joint. 
The dorsal articular synovial capsule is a heterogeneous 
ill-defined hypoechoic area lying dorsal to the articular 
surface and deep to the overlying more echogenic exten¬ 
sor tendons. The thickness of a normal dorsal articular 
capsule ranges from 7 to 11 mm/' 

Stifle 

Ultrasonography is useful for evaluating the patellar 
ligaments* the articular cartilage of the femoral trochlea* 
the collateral ligaments* and the menisci '• 14,47 The me¬ 
dial* middle, and lateral patellar ligaments should be 
evaluated in both cross-sectional and longitudinal 
planes. 4 The middle patellar ligament is easily identified, 
as it lies between the medial and lateral ridges of the 
femoral trochlear. The ligaments appear oval in cross 
section and are homogenously hyperechoic. The articu¬ 
lar surface of the trochlear appears as a hypoechoic line 
located between the overlying hyperechoic synovial cap¬ 
sule and the underlying hyperechoic ossified subchon¬ 
dral bone. 9,14,47 

Mcniscal imaging is performed by placing the trans¬ 
ducer between the middle and either the lateral or the 
medial patellar ligament/' The medial meniscus is more 
readily imaged than the lateral meniscus. Lower-fre¬ 
quency (5-MHz) transducers may be required to image 
the more caudal aspects of the menisci. The meniscus 
appears as a triangular-shaped hyperechoic structure lo¬ 
cated between the hyperechoic curving surfaces of the 
femoral condyles and the proximal end of the tibia. 

Careful ultrasound beam orienration is necessary* as 
alignment off perpendicular to the abaxial border of the 
menisci leads to a partially hypoechoic appearance. ' 
Such a change is also observed when there are men (seal 
injuries. When the transducer is placed between the me¬ 
dial collateral ligament and the medial patellar ligament, 
the longitudinal plane will reveal an anechoic synovial 
fluid filling the proximal recess of the medial femoral 
tibial joint. 


The cruciate ligaments are not detected in the standing 
horse* as they are hidden behind the femoral condyles. 
If the stifle is flexed maximally* the cruciate ligaments 
may be detected as hypoechoic structures running 
through the surrounding hyperechoic fat pad. Unfortu¬ 
nately* horses afflicted with cruciate ligament injuries 
are often reluctant to adopt this stance* limiting clinical 
utility of this technique. 1 

Tarsus 

On the medial aspect of the tarsus, the long collateral 
ligament can be observed arising from the medial tibial 
malleolus and extending to the distal tuberosity of the 
tibial tarsal bone and continuing across the small tarsal 
bones to insert on the second and third metatarsal 
bones, 1 s The short collateral ligaments arise from the 
cranial medial surface of the tibial malleolus and descend 
obliquely ptantarodisra) under the long collateral liga¬ 
ment/' Collateral ligaments are readily detectable by 
ultrasound* but it is difficult to differentiate between the 
long and the short collateral ligaments. The long collat¬ 
eral ligaments tend to have a more organized linear struc¬ 
ture, whereas the short collateral ligaments have a more 
heterogeneous echo texture. 

Scanning on the dorsal medial aspect of the tarsus 
reveals the tendons of the peroncus tertius and tibialis 
cranialis running distal across the tarsus.' s Scanning the 
dorsal surface <>t the tarsus between the medial collateral 
ligament and medial to the tendons demonstrates the 
cartilage and the trochlear ridges of the tibial tarsal 
bone. 1 * In a normal horse* synovial fluid is not detected 
in the joint, 

PRINCIPLES OF ULTRASOUND 
DIAGNOSIS 

Tendons and Ligaments 

In general, the sonographic detection of injury to a 
tendon (tendinitis) or a ligament (desmitis) is based on 
the observation of enlargement* altered shape, and a 
changed echo pattern (Fig. 4.130).*’ 2o ’ 2H,29,4< * 5 * An in¬ 
jury to a tendon or ligament can often be detected by 
physical examination. Palpation helps locate the injured 
region. Concurrent surrounding soft tissue swelling* 
however* may make identifying the extent of the injury 
more difficult. Peritendinous swelling may be misinter¬ 
preted as a tendon injury. Ultrasonography is useful for 
determining the exact location and extent of the in¬ 
jury 

The size and shape of each tendon and ligament must 
be evaluated. If during the examination the clinician is 
uncertain of a diagnosis, scanning at the same level on 
the contralateral limb often helps establish the normal 
size and appearance. Thorough evaluation of the struc¬ 
tures in the region of palpable enlargement or pain needs 
to be done. 

Determination of the cause of the enlargement must 
be made by evaluating the size of each structure by ultra¬ 
sound/' " In an acute injury, much of the enlargement 
can result from peritendinous or periligamentous edema 
and swelling. In an older injury, the enlargement more 
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likely results from tendon or ligament swelling. Thus it 
is important to determine the clinical duration of the 
injury. 

Serial ultrasound examinations should be made to 
reevaluate the injured structures during therapy. 2 ' The 
shape of each tendon and ligament should be carefully 
evaluated. Transverse scans arc most useful. Knowledge 
of the shape of the normal tendons and ligaments aids 
in recognition of abnormalities. Injuries to the thinner 
portions of tendons or ligaments make them appear ab¬ 
normally rounded. 

Border definition of the tendon or ligament should be 
evaluated. Peritendinous edema or effusion next to a 
normal tendon will normally enhance the ultrasonic defi¬ 
nition of the border. A hyperechoie injury extending to 
the border may be more difficult to detect* since it may 
blend with the adjacent normal structures. 

Transverse scans allow measurement of the lateral to 
medial and dorsal to palmar and/or plantar dimensions 
of the injured structures by means of electronic calipers 
on the ultrasound machine. 6 ’ 5 * The measurements can 
be repeated and compared on subsequent recheck exami¬ 
nations. Some ultrasound machines arc able to calculate 
the size (cross-sectional area) after the sonographer elec¬ 
tronically traces the margin of the structure object. This 
provides a better measurement of size changes than does 
a linear measurement and has been incorporated into a 
scoring system for superficial digital flexor tendon inju¬ 
ries. 28 

Altered echogenicity is frequently observed with ten¬ 
dinitis (Fig. 4.1 30) and desmitis. Great care needs to be 
taken to obrain scans while the structure is positioned 
in weight-bearing traction, with optimum sound trans¬ 
mission* 4 4 machine settings, and angle of insonation for 
each structure to obtain reproducible results. Fiber rup¬ 
ture reduces the echogenicity of the tendon or ligament. 
The resultant inflammation leads to variable degrees of 
hemorrhage* edema, and cellular inflammation. The re¬ 
sultant increased water content results in further reduc¬ 
tion in echogenicity. The hypoechoic changes can be dif¬ 
fusely scattered throughout the injured area or localized 
to one region. Hemorrhage or tendon and/or ligament 
rupture can result in an echoic changes. 

Grading of the echogenicity of the injured region helps 
the clinician rank the severity of the injury. Genovese ct 
a 1. 26,28 described a system for ranking the severity of 
lesions to the superficial digital flexor tendon; 

Type 0 Enlarged tendon without a change in echogenicity 

Type 1 Injuries are slightly hypoechoic. although mostly 

echogenic 

Type 2 Less echogenic. with approximately half of the lesion 
being hypoechoic and the other half being 
anechoic 

Type 3 Mostly anechoic 

Type 4 Anechoic 

This ranking needs to be correlated with the time of 
onset of the injury, however. Ultrasonography of the su¬ 
perficial digital flexor tendon soon after an acute injury 
can sometimes be misleading. ’’ Excess hemorrhage and 
edema in the tendon may give a false impression of a 
more severe lesion. On the other hand, injuries with little 
hemorrhage produce fewer changes in echogenicity, 


making them difficult to detect until enzymatic degrada¬ 
tion gives rise to a greater reduction of echogenicity. 
Reexamination of acute superficial digital flexor tendon 
in juries should be performed 3 to 4 weeks after the initial 
onset of tameness so that a more reliable evaluation of 
the degree of injury can be made. 

Recent focal injuries to the superficial digital flexor 
tendon typically result in focal hypoechoic to anechoic 
areas within the tendon (Figs. 4.1 >0 and 4.131). Quanti¬ 
tative analysts of superficial digital flexor tendon injuries 
can be made by incorporating information from the 
cross-sectional area measurements and the subjective 
qualitative score of the lesion.' 8 On rransverse scans, the 
outer border of the superficial digital flexor tendon and 
the less-echogenic injured region are traced so that the 
percent cross-sectional area can be calculated. A severity 
rating is determined by multiplying the percent of the 
area of the injury by the qualitative scoring and a scaling 
factor of 0.025. 2 s A lesion that encompasses 100% of 
the tendon with a qualitative score of 4 thus has a sever¬ 
ity rating of 10. A lesion that involves 50% of the tendon 
with a qualitative score of 2 will have a severity rating 
of 2.5. Morses with superficial digital flexor tendinitis 
rated less than 2,3 have a 83% chance to return to the 
same or better level of preinjury athletic performance. 211 
Lesions rated greater than 3.9 have a 57% chance to 
return to an equal level of performance. More severe 
lesions predispose the horse to reoccurrence of the tendi¬ 
nitis. 

An alternate approach to a subjective grading scheme 
is computerized gray-scale analysis of the image. 41 The 
limited availability of such equipment has precluded 
widespread use and evaluation <>i such techniques. 

As long as severe blistering has not been used, the 
hypoechoic peritendinous swelling and edema resolves 
in the early phase of tendon repair. As tendon healing 
proceeds, the tendon cross-sectional area may return to 
a more norma) size, and the severity rating will improve 
(Fig. 4.130), 2 ’ Longitudinal evaluation of fiber align¬ 
ment aids in monitoring the healing of the tendon. A 
grading system has been developed from the subjective 
assessment of the fiber alignment in the maximally in¬ 
jured zone on the longitudinal scan 1 ’: 


Score 0 76-100% of tha tendon injury has aligned fibers 

Score 1 51 -75% of the tendon Injury has aligned fibers 

Score 2 26-50% of the tendon injury has aligned fibers 

Score 3 0-25% of the tendon injury has aligned fibers 

As tendon healing progresses, the newly formed colla¬ 
gen fibers tend to align longitudinally, resulting in a 
slowly improving score for the injured regions. ' If scar 
tissue repairs the tendon injury, a more random fiber 
alignment may be observed in the longitudinal plane. In 
some horses, excessive fibrous scar tissue may lead to a 
patchy hyperechoie appearance. Calcification and bony 
metaplasia can also develop, resulting in hyperechoie 
shadowing foci being observed in the tendon (Fig. 
4.131 ). Mjl 

In general, the sonographic diagnosis of ligament in¬ 
jury (desmitis) follows the same principles as those de¬ 
scribed for tendinitis. 5,7 ’ 18,1 ’Detection of desmitis in 
the body of the suspensory ligament is more difficult. 
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however, because of the inherently more variable echo¬ 
genicity of the body of the suspensory ligament (Fig. 
4.132). 19 Dcsmitis often leads to enlargement and 
rounding of the margins of the suspensory ligament. Size 
comparison of the suspensory ligament to the contralat¬ 
eral normal limb is often helpful. 1 Reduced definition 
of one or more borders may be observed, as the ligament 
is usually bilaterally symmetrical. In more severe injuries, 
a hypoechoic appearance may develop at the site of the 
injury. 

Sometimes, clinical signs and pain on palpation to the 
suspensory ligament indicate a likely injury, although no 
abnormalities may be detected on the initial ultrasound 
study. 19 Repeat examination 2 to 4 weeks later may de¬ 
tect an injury, since some lesions become more hypo- 
echoic. Radiographic abnormalities and nuclear scintig¬ 
raphy help locate injury at the proximal attachment of 
the suspensory ligament, which could be missed by ultra¬ 
sound examination.' 9 Injuries to the distal branches of 
the suspensory ligament are more readily detected, since 
normal branches are more uniformly hyperechoic. Des- 
mitis in the branches can be diagnosed by finding en¬ 
largement and a variable hypoechoic echogenicity. Also, 
adjacent edema and swelling arc often present in the 
acute phase of the injury. 

Tendon Sheaths 

Tenosynovitis, inflammation of a tendon sheath, is 
readily detected via ultrasound by the discovery of exces¬ 
sive synovial fluid and/or tendon sheath thickening (Figs. 
4.133 and 4.134). 5 ' 7,1 ^-**♦*•* Take care not to use exces¬ 
sive scanning pressure when evaluating tenosynovitis, 
because the synovial effusion can be squeezed out of the 
sheath under the examination site. 7 i valuation of the 
echogenicity of the fluid is important, since the presence 
of abnormal echoes can indicate hemorrhage, fibrin, or 
sepsis within the tendon sheath r ° In septic tenosyn¬ 
ovitis, ochogenic fibrin strands and cellular material can 
result in an echogenic effusion (Fig. 4.135). 5 ** 5 * 

Chronic inflammation of the tendon sheath results in 
abnormal synovial membrane thickening of the tendon 
sheath, J W ' ,M ' 65 making the wall of the sheath readily 
detectable by ultrasound (Fig. 4.134). A canal syndrome 
may develop, in which tendons are encircled by a dis¬ 
tended or thickened synovial sheath.' 8 


Chronic synovial membrane irritation and fibrinous 
and septic effusions may lead to the formation of adhe¬ 
sions between the enclosed tendons (Fig. 4.135). Some¬ 
times, the adhesive bands are visible when they are sur¬ 
rounded by excessive synovial fluid. In other cases, the 
adhesions arc difficult to detect unless ultrasonography 
is performed during dynamic flexion and extension of 
the part. Adhesions often reduce the mobility of the ten¬ 
don. Careful evaluation of the encircled tendons is 
needed because the synovial sheath inflammation may 
be secondary to tendinitis. Such an observation leads to 
the diagnosis of tendosynovitis. 

Joints 

Normally, the joint capsule and synovial fluid are dif¬ 
ficult to detect on ultrasound. Excessive joint effusion is 
readily detected, however, as the joint capsule is dis¬ 
placed away from the surface of the articular cartilage/’ 
Abnormal echogenic fluid may be observed with trau¬ 
matic arthritis, hemarthrosis, or septic arthritis. The nor¬ 
mal synovial membrane is thin, less echogenic, and diffi¬ 
cult to distinguish. 9 The synovial membrane thickens 
and becomes hyperechoic with chronic joint inflamma¬ 
tion. 1 , * 4l * f ’' Evaluation of the ligament and bone surface 
near the insertion of the ligaments onto the epiphysis 
may reveal bonv irregularity arising from chronic inju¬ 
ries. Hypertrophied synovial villi may be seen interdig- 
itating into the synovia! fluid. 15 Rupture of the synovial 
membrane is difficult to detect on ultrasound; contrast 
arthrography is a more reliable technique for evaluating 
this condition/' 

Osteochondrosis of the femoral trochlear can be diag¬ 
nosed by finding increased thickness of the cartilage and 
irregularities in the contour of the underlying subchon¬ 
dral bone/* 47 Incomplete subchondral ossification re¬ 
sults in irregular echogenicity of the subchondral bone 
as a result of partially ossified and degenerate cartilage 
in the area of osteochondrosis. 

Detection of the thickened joint capsule and synovial 
tissues suggests inflammation in the joint. Proliferative 
synovitis, such as on the dorsal aspect of the fetlock joint, 
results in excessive thickening of hypoechoic tissue in the 
region. 9,42 * 6 ' Displaced osteochondral fragments may be 
seen as hyperechoic foci generating with far-ficld shad¬ 
owing at the edges of the joint capsule. 9 
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Normal Sonographic Anatomy for Equine 
Lameness Examinations 


NORMAL SONOGRAMS OF THE FLEXOR 
TENDONS AND PALMAR LIGAMENTS OF 
THE FORELIMB 

Transverse Scans 

The following transverse view sonograms of the pal¬ 
mar flexor tendons and associated ligaments of a left 
forelimb were made with a 7.5-MHz linear array trans¬ 
ducer and standoff pad. The scans were aligned with the 
medial side to the left on the images. The metacarpal 


region was divided into seven zones between the carpus 
and fetlock (Fig. 4.104|. The superficial digital flexor 
tendon is present just below the skin surface as a rela¬ 
tively less echogenic band; the deep digital flexor tendon 
is more echogenic. The accessory ligament of the deep 
digital flexor tendon is most echogenic and is adjacent 
to the dorsal surface of the deep digital flexor tendon. 
The suspensory ligament lies against the hyperechoic sur¬ 
face of the third metacarpus. Linear (dorsal to palmar) 
measurements of each structure are provided in centime¬ 
ters. 
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Figure 4.104 Major bones, flexor tendons, and associated ligaments of the forelimb. Representative 
ultrasound images and measurements were obtained at each zone (labeled at left). 


AL of SDF: accessory ligament of superficial digital flexor tendon 
R: radius 

aC accessory carpal bone 
pCb: proximal row of carpal bones 
dCb: distal row of carpal bones 
SDF: superficial digital flexor tendon 
DDF: deep digital flexor tendon 

AL of DDF: accessory ligament of deep digital flexor tendon 
SL: suspensory ligament 
MC3: third metacarpal bone 


SES; proximal sesamoid bones 

OS: oblique sesamoidean ligament 

SS: straight sesamoidean ligament 

PP; proximal phalanx 

MP: midphalanx 

NB: navicular bone 

DP: distal phalanx 

PrxP: proximal end of the proximal phalanx 
MidP: middle of the proximal phalanx 
DisP: distal end of the proximal phalanx 
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Figure 4.105 Transverse sonogram made with the transducer 
on the palmaromedtal aspect of the antebrachium at the level of 
the chestnut The tendon of the flexor carpi radial ts (FCR) is seen 
deep to the cephalic vein {V). The palmar surface of the radius (R) 
helps locate the adjacent carpal sheath (CC). The accessory 
ligament (AL) of the superficial digital flexor tendon (SDF) is 


located just caudal to the radius and deep to the flexor carpi 
radial is tendon. The edge of the flexor retinaculum (FR) overlies 
the superficial digital flexor tendon. Both the superficial digital 
flexor tendon (SOF) and the adjacent deep digital flexor tendon 
(DOF) still contain muscle tissue, giving rise to a variably 
hypoecho* appearance. 



Figure 4,106 Transverse sonogram of the distal antebrachium 
at the level of the proximal border of the accessory carpal bone 
(AC). The superficial digital flexor tendon (SDF) and deep digital 
flexor tendon (DDF) have a variably patchy hypoechoic 
appearance because of residual muscle tissue The carpal canal 


containing the llexor tendons is bordered superficially by the flexor 
retinaculum (FR) and dorsally by the palma antebrachioradial 
ligaments (L) adjacent to the radius (R). The tendon of the flexor 
carpi utnaris (FU) is seen palmar to the tip of the accessory carpal 
bone 
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Figure 4.107 Transverse sonogram of the carpal cana The 
accessory carpal bone (AC) forms the lateral border The common 
palmar ligament (L) lies on the palmar surface of the radial and 



intermediate carpal bones (C) and ad|acent to the deep digital 
flexor tendon (DDF). The flexor retinaculum (FR) borders the 
palmar surface of the superficial digital flexor tendon (SDF), 



Figure 4.108 Transverse sonogram made just below the deep digital flexor tendon and its accessory ligament (AL). The 

carpus (zone t A) The superficial digital flexor tendon (SDF) and ongin of the suspensory ligament (SL) ties adjacent to the third 

deep digital flexor tendon (DDF) are slightly offset and wedge metacarpus (MC3) 

shaped Fluid is present in the carpal sheath (CC) between the 


SDF DDF AL SL 

0.9 cm 0.9 cm 0.6 cm 0.6 cm 
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Figure 4.109 Transverse sonogram of the proximal third Of the 
metacarpus (zone IB) The accessory ligament (AL) is crescent 
shaped as it approaches the dorsal surface of the deep digital 
Itexor tendon (DOF). A small amount of fluid is seen In the carpal 


sheath (CC) The body of the suspensory igament (SL) is fuily 
formed, and the third metacarpus (MC3) is just visible SDF, 
superficial digital flexor tendon 


SDF DOF AL SL 

0 8 cm 0.9 cm 0 6 cm Q.7 cm 


Copyrighted material 














Chapter 4 Equine Diagnostic Imaging 331 



Figure 4.110 Transverse sonogram ol the metacarpus just dorsal surface of the deep digital flexor tendon (DDF). The body of 

proximal to midway (zone 2A) The less-ecbogenic superficial the suspensory ligament (SL) has variable echogenicity and lies 

digital flexor tendon (SDF) is somewhat flattened at this level The along the surface of the third metacarpus (MC3). 

more echogenic accessory ligament (AL) begins to blend into the 


SDF DDF AL SL 

0.7 cm 0.8 cm 0.5 cm 0.9 cm 
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Figure 4.111 Transverse sonogram of the metacarpus fust 
distal to midway (zone 26) The more hypoechoic superficial digital 
flexor tendon (SDF) is straplike and elongated in the lateral to 
medial plane The more echogenic accessory ligament (AL) is 


SDF 
0.5 cm 


DDF 
0.8 cm 
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Figure 4.112 Transverse sonogram of the distal third of the 
metacarpus (/one 3A). The accessory ligament cannot be seen at 
this level. The -iuspensory ligament Is divided, forming two 
branches |SL«„,) The hypoechotc area between the two 


suspensory ligament branches and the metacarpus represents the 
tissues of the palmar pouch of the fetlock SDF, superficial digital 
flexor tendon; DDF, deep digital flexor tendon; MC3. third 
metacarpus. 


SDF DOF SL Med Br SL Lat Br 

0.5 cm 0,9 cm 1,0 cm 0.9 cm 


i 
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Figure 4.113 Transverse sonogram just proximal to the 
sesamoids (zone 3B). The strap-shaped superficial digital flexor 
tendon (SDF) and the digital sheath blends into the mamca 
flexona (M) a fibrous ring that encircles the deep digital flexor 
tendon (OOF), A small amount of fluid can be detected in the 


digital sheath (DS) around the deep digital flexor tendon The 
relatively hypoechoic region between the deep digital flexor 
tendon, the third metacarpus (MC3), and the suspensory ligament 
branches (SL«*,) results from echoes generated by connective 
tissue in the region ot the palmar pouch ol the fetlock joint. 


SDF DDF SL Med Br SI Lat Br 

0.5 cm 0.9 cm 1.0 cm 0.9 cm 



Figure 4.114 Transverse sonogram at the level of the fetlock 
joint (zone 3C). The superficial digital flexor tendon (SDF) and 
deep digital flexor tervdon (DOF) lie palmar to the surface of the 
sesamoids (SES). The palmar annular ligament (PAL) of the 


fetlock is not a distinct structure but is seen as a tiyperechoic band 
lying between the skin and subcutaneous tissues and the digital 
sheath (DS). The intersesamoidean ligament (IS) runs between 
the sesamoids; the third metacarpus (MC3) can be seen. 


SDF DDF Skm to SDF 

0 4 cm 0 8 cm 0 4 cm 
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Figure 4.11 S Transverse sonogram made by placing the (SU,) proximal to the fetlock is better visualized adjacent to the 

transducer directly on the suspensory ligament branch just palmar vessels (V). The third metacarpus (MC3) can be seen 

proximal to the fetlock at zone 3 The suspensory ligament branch 



Figure 4.11 6 Transverse sonogram at the level of the proximal proximal sesamoid (SES). The palmar vessels (V) can also be 

sesamoid The suspensory ligament (SL) branch attaches to the seen. 
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Longitudinal Scans 

The following longirudinal sonograms of the palmar 
metacarpal flexor tendons and associated ligaments were 
made with a 7.5-MHz linear array transducer. The im¬ 
ages were aligned with proximal to the left side and distal 
to the right side. 



Figure 4.117 Dual longitudinal sonograms ol tones 1A to 2A. 
The more hypoechoic superficial digital flexor tendon (SOF) is just 
under the skin. Fluid is present in the carpal sheath (CC) between 



Figure 4.118 Dual longitudinal sonograms of zones 2A to 28. 
The accessory ligament (AL) blends into the dorsal surface ol the 
deep digital llexor tendon (DDF). The suspensory ligament (SL) 


the deep digital flexor tendon (DDF) and its accessory ligament 
(ALj The suspensory ligament (SL) originates along the proximal 
surface of the third metacarpus (MC3). 




MC3 


appears as a distinct structure SDF. superficial digital flexor 
tendon: MC3, third metacarpus 
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Figure 4.119 Dual stored longitudinal sonograms of zones 28 
to 3B At this level, the accessory ligament (AL) ends. The 
suspensory ligament (SL) appears to end as it splits inio two 
branches that pass out of the scan plane The thinner superficial 


digital flexor tendon (SDF) and deep digital flexor tendon (DDF) 
continue toward the fetlock. The less echogentc tissues of the 
palmar pouch lie between the tendons and the third metacarpus 
(MC3) 



Figure 4.1 20 Dual stored longitudinal sonograms of zone 3, is readily seen. Distally. the branch inserts onto the abaxial 

made by placing the transducer on the surface ot the suspensory surface of the sesamoid bone (SES) MC3. third metacarpus 

ligament branch. The longitudinal alignment ot the ligament fibers 
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NORMAL SONOGRAMS DISTAL TO THE 
FETLOCK 

Transverse Scans 

The following Transverse sonograms of the tendons 
and ligaments along the palmar surface of the proximal 
phalanx were made with a 7.5-MHz linear array trans¬ 
ducer and standoff pad. 



Figure 4.121 Transverse sonogram fust below the ergot 
(proximal phalangeal zone). The superficial digital flexor tendon 
(SDF) is a thin band overtying the deep digital flexor tendon (DDF) 
and is surrounded by a synovial fluid in the digital sheath (DS). 
The proximal digital annular ligament lies below the skin and 


subcutaneous tissues and is palmar to the superficial digital flexor 
tendon, but it is not normally observed The straight drstal 
sesamoidean ligament (SS) is obvious The two oblique 
sesamoidean ligaments (OS) lie adjacent to the surface of the 
proximal phalanx (PP). 


SF DDF SS OS Skin to SDF 

0.2 cm 0.7 cm 0.5 cm 0.4 cm 0.3 cm 
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Figure 4.122 Transverse sonogram (middle phalangeal zone) The deep digital flexor tendon (DDF) is relatively flat The straight 

proximal to the distal condyles of the proximal phalanx (PP). The $esamo»dean ligament (SS) can still be seen at this level 

superficial digital flexor tendon (SDF) is split into two branches 


SDF DDF SS 

0.7 cm 0.7 cm 0.7 cm 



Figure 4.123 Transverse sonogram at the level of the proximal 
interphalangeal joint just proximal to the heel bulbs (distal 
phalangeal zone). Dorsal to the deep digital flexor tendon (DDF), 
the straight sesamoidean ligament and the branches of the 



superficial digital flexor tendon coalesce with the scutum 
interomediaiis (SI) fibrocartilage at the proximal end of the middle 
phalanx. 


DDF 

0.6 cm 
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Longitudinal Scans 

The following longitudinal sonograms of the tendons 
and ligaments along the palmar surface of the proximal 
phalanx were made with a 7.5-MHz linear-array trans¬ 
ducer with a standoff pad. The scans were aligned with 
the proximal to the left side and the distal to the right 
side of each image. 


SDF 



Figure 4.124 Longitudinal sonogram just distal to the ergot, 
showing the palmar surface of the proximal phalanx (PP) and the 
insertion of an oblique sesamoidean ligament (OS) The straight 
sesamoidean ligament (SS) is notably hyperechoic. and the deep 
digital flexor tendon (DOF) is less echogenic. A small amount of 
fluid may normally be observed in the distal end of the digital 
sheath (OS) between the deep digital flexor tendon and straight 



Figure 4.125 A slightly medially angled longitudinal sonogram 
ending at the proximal edge of the heel bulb The conjunction of 
the straight $esamo*dean ligament (SS) and scrutum 
mteromedialis insert onto the proximal eminence of the middle 


sesamoidean ligament, Only a thin section of the superficial digital 
flexor tendon (SDF) Is detected proxlmally. as at this level the 
superficial digital flexor tendon is divided into twc branches. The 
region of the proximal digital annular ligament is seer deep to the 
skin and subcutaneous tissues and palmar to the digital sheath 
adjacent to the superficial digital flexor tendon, 


phalanx (MP). The palmar surface of the medial condyle of the 
proximal phalanx (PP) is well demonstrated The deep digital 
flexor tendon (DDF) continues distal ly. 
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NORMAL SONOGRAMS OF THE HINDLIMB 
Transverse Scans 

The following transverse sonogram of the tendons 
and ligaments adjacent to the tarsus were made with a 
7.5-MHz linear-array transducer and standoff pad. 



Flour* 4.126 Transverse sonogram of the gastrocnemius 
tendon (G) 10 cm proximal to the calcaneus. The superficial digital 
llexor tendon (SDF) lies beside the gastrocnemius tendon 



At this level, a patchy hypoeehoic echogenicity is seen in the 
gastrocnemius tendon, resulting from the presence of some 
residua) muscle tissue. 




Fleur* 4.127 Trans verst sonogram of the gastrocnemius 
tendon (G) just proximal to the calcaneus. At this level, the 
superficial digital flexor tendon (SDF) lies plantar to the 


gastrocnemius tendon, which Is uniformly echogenic. A small 
amount of fluid is present in the calcaneal bursa lying between the 
two tendons. 
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Figure 4.128 Transverse sonogram made midway along the tarsus lies between the plantar surface of the tarsal O n es (T) and 

plantar surface of the tarsus The deep digital flexor tendon (DDF) the superficial digital flexor tendon (SDF). 

ties to the medial side The thick plantar ligament (PL) of the 



Figure 4.129 Transverse sonogram of the proximal metatarsus 
(zone A), The superficial digital flexor tendon (SDF) ties toward the 
lateral side The accessory ligament (AL) of the deep digital flexor 



tendon (DDF) is thinner in the hindltmb The suspensory ligament 
(SL) lies against the plantar surface of the third metatarsus (MT3). 
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Figure 4,130 A Transverse sonogram of the paimar tendons 
and ligaments of the nght forelimb made 8 cm distal to the 
accessory carpal bone Peritendinous swelling is evident below the 
skin. A focal hypoechoic to anechotc lesion o ; tendinitis (cursors) 
is seen in the medial side of the superficial digital flexor tendon. 

8 Longitudinal sonogram of the medial side of the superficial 
digital flexor tendon, showing the long axis view of the hypoechoic 
change caused by tendinitis of the superficial digital flexor tendon, 
C Further examination of the tendons distally reveals enlargement 
of the superficial flexor tendon, At 18 cm distal to the accessory 
carpal bone, the transverse sonogram of the superficial digital 
flexor tendon shows enlargement with a more diffuse-type patchy 
change that may also be seen with acute tendinitis. D. Transverse 
sonogram taken 4 months later at 8 cm distal to the accessory 
carpal bone, showing resolution of the focal lesion in the 
superficial digital flexor tendon. A heterogeneous hyperechoic 
appearance remains in the thickened tendon. E. Follow-up 
longitudinal sonogram showing incomplete, though improved, 
tendon fiber formation throughout the region ol the superficial 
digital flexor tendon injury. 
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Figure 4.131 A. Transverse sonogram made 20 cm distal to 
the accessory carpal bone A patchy, focal hypoechoic area of 
tendinitis was detected in the deep digital flexor tendon. 

6. Transverse sonogram taken 5 months later Note an area of 



Figure 4.132 Transverse sonograms at 12 cm and 14 cm 
distal to the accessory carpal bone. The suspensory ligament is 
abnormally enlarged and hypoechoic as a result of desmitis 



hypoechoic tendinitis has been replaced by a bright hyperechoic 
line generating far-field acoustic shadowing resulting from the 
formation of dystrophic calcification in the injured region of the 
tendon. 



Figure 4.133 Transverse sonograms made at 18 and 20 cm 
distal to the accessory carpal bone, showing ar. anechoic 
separation between the superficial and deep digital flexor tendons, 
caused by excessive effusion of the digital sheath 
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Figure 4.134 Longitudinal sonogram of the plantar soft tissue 
structures just proximal to the level of the proximal sesamoids. 
Excessive thickening is seen between the surface of the superficial 
digital flexor tendon and the skin Irregular-shaped fluid pockets 
are also present in this region. The tissue and fluid are the result 
of chronic proliferative tenosynovitis. 



Figure 4.135 Longitudinal sonogram ot the flexor tendons at 
the level of the fetlock. Marked fluid distension is seen in the 
digital sheath Multipie Itbrous adhesions are observed traversing 
the digital sheath The distance between the skin and the fluid in 
the digital sheath is increased as a result of proliferative 
tenosynovitis. The adhesions and thickened digital sheath resulted 
from septic tenosynovitis. 
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Partin 


NUCLEAR MEDICINE 

Phillip F. Steyn 

Although radiography, ultrasound, computed tomog¬ 
raphy (CT), and magnetic resonance imaging (MRI) pro¬ 
duce images that reveal anatomic detail, nuclear medi¬ 
cine techniques image the blood flow to bone and the 
function or the physiologic activity of bone. Nuclear 
medicine imaging is a sensitive tool that augments, but 
does not replace, the basic lameness examination. 3,13,1 *• 
22 . 2 A, 2 » 3 *. 40 , 42 , 49 .S 0 Most acat j em j c institutions and sev¬ 
eral private clinics have nuclear medicine imaging facili¬ 
ties, making this modality within the reach of many 
equine practitioners in North America. This part of the 
chapter discusses the principles, techniques, indications 
for, and interpretations of nuclear medicine imaging in 
the evaluation of the musculoskeletal system of the 
horse. 

PRINCIPLES 

Nuclear medicine imaging, also known as scintigra¬ 
phy, is based on the functional distribution of a radio¬ 
pharmaceutical in the body. The radiopharmaceutical is 
made of a radionuclide, most commonly teehnetium- 
99m ( Wn, Tc}, which is labeled to a pharmaceutical that 
determines the target tissue of the radiopharmaceutical 
in the body. Technetium-99m decays by emitting a 140- 
kEv y-ray. A y-ray is identical to an x-ray, except that 
it originates from the nucleus of an unstable atom (e.g., 
99n Tc) as the atom strives toward a more stable state. 
Nuclear medicine imaging can also be described as an 
emission imaging technique, since the image is made by 
y-rays that are emitted by the 99,n Tc inside the horse. In 
contrast, radiography is considered a transmission imag¬ 
ing technique, since the x-rays that produce the image 
are transmitted through the patient. 

Technctium-99m can be produced on site by using a 
molybdenum-99m generator or, when needed, can be 
ordered from a nuclear pharmacy. Technetium-99m has 
a relatively short natural half-life (T^) of 6 hours, which 
means, for example, that 100 mCi of 9VrT Tc will decay 
to 50 mCi in 6 hours or that an exposure rate of 4 mrem/ 
hour will decrease to 2 mrem/hour in 6 hours. The effec¬ 
tive Tv, of a radiopharmaceutical, however, is generally 
shorter than the natural because of biologic excretion 
of the tracer. 

The pharmaceutical part of the radiopharmaceutical 
determines the distribution of the tracer radionuclide in 
the body. A variety of molecules and cells can be labeled. 
Red blood cells can be labeled for the evaluation of the 
circulating blood compartment, most commonly done 
to study cardiac function. The intravenous administra¬ 
tion of >,m Tc-pertechnetate ( 99m Tc0 4 ) is the most accu¬ 
rate scintigraphic technique for looking at the perfusion 
(blood flow) of soft tissue structures, such as the joints 
of the distal limbs. 


White blood cells can be selectively labeled with 
" ,n Tc-bcxamethylpropylencamine oxime (""Tc- 
HMPAO) to look for areas of active inflammation. 4 
Renal function can be studied by using Wm Tc-dicthyl- 
enetriaminc pcntaacetic acid ( 9ro Tc-D Tl\V. and quanti¬ 
tative hepatobiliary studies can be performed with 
""Tc-disophenin, Functional lung ventilation studies 
have been described by using aerosolized ‘ 9m Tc-DTPA; 
and lung perfusion, by using 9m Tc-rnacroaggregates of 
albumin (MAA). 3,2 

Although each of these techniques uses 99rn Tc, the dis¬ 
tribution of the radiopharmaceutical differs and is based 
on the biokinetics of the pharmaceutical or cell to which 
the 99m Tc has been labeled. 

Bone scans arc done by using radiolabeled polyphos- 
honates, which have a high affinity for the calcium- 
ydroxyappetite molecules in bone. Images made at 2 
to 4 hours postinjection reveal the uptake pattern in the 
bones, A predictable uptake pattern is seen in normal 
animals, and increased uptake is seen with increased 
blood flow or increased osteoblastic activity. 11 Either 
99m Tc-oxidronatc (HDP) or ""Tc-methylene diphos- 
phonate (MDP) are administered intravenously at a dose 
of about 0.35 mCi/kg body weight. 99,,, Tc-HDP has the 
advantage of faster soft tissue clearance, thus allowing 
image acquisition to begin sooner after injection. A sec¬ 
ond advantage of " ra Tc-HDP is improved visualization 
of bones surrounded by Large amounts of muscle, e.g., 
the spine, pelvis, and hips. 

An average 450-kg horse receives about 160 mCi of 
the radiolabel. The dose rate can be adjusted for age, i.c., 
increased by about 10% in older horses and decreased 
by about 10% in juveniles because of the difference in 
metabolic activity of bone tissue. Approximately 50% 
of the injected radiolabel is excreted in the urine, which 
results in the effective Tv, being shorter than the natural 

t h . 35 

Although the classic nuclear medicine evaluation of 
the skeleton is the three-phase bone scan, I generally do 
only the soft tissue phase and the delayed phase. During 
the initial vascular phase, the radiopharmaceutical is in 
the blood vessels and has not yet diffused into the extra¬ 
cellular fluid; this phase lasts for 1 or 2 minutes after 
injection. The body region to be evaluated must be posi¬ 
tioned in front of the gamma camera at the time of injec¬ 
tion, and dynamic rapid-frame acquisition is made as the 
radiolabel perfuses the vasculature. Multiple images are 
acquired over the first few minutes, while the radiolabel 
is still within the vascular system. The vascular phase is 
used to compare the blood flow to, especially, the distal 
limbs; but it can also be used to document perfusion 
deficits elsewhere, e.g., occlusive thrombi in the distal 
aorta. 

During the soft tissue phase, the radiopharmaceutical 
is distributed in the extracellular fluid, wnich occurs 3 to 
10 minutes posrinjection. This phase is used to evaluate 
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blood flow to soft tissues. An increased signal is observed 
with hyperemia because of, for example, edema or in¬ 
flammation, Increased radioactivity during the pool or 
soft tissue phase is best used in the distal limbs and has 
been associated with navicular syndrome and inflamed 
joints, e.g., degenerative changes of the sacroiliac joint. 
Early or intense bone uptake of the radiopharmaceutical 
( Wm Tc-HDP or 9,m Tc-MDP) can sometimes be seen as 
soon as 5 minutes after injection, especially in cases of 
intense delayed-phase bone uptake, e.g., with fractures 
or infectious processes. This can sometimes make the 
evaluation of soft tissues challenging, if not impossible. 

The best scintigraphic technique for looking at only 
soft tissues, without any possibility of bone uptake, is 
to use intravenous "’"TcO.* (unlaheied to a pharmaceuti¬ 
cal) and to make images as soon as radiopharmaceutical 
equilibrium in the extracellular space is achieved. A dose 
similar to that of the bone scanning agents is recom¬ 
mended. 

The bone phase occurs several hours after injection, 
when approximately 50% of the radiopharmaceutical 
has attached to bone. The remainder of the tracer is ex¬ 
creted by the kidneys in the first one or two urine voids 
postinjection. The uptake pattern of normal bone is quite 
predictable and is described later in this chapter. The 
least uptake occurs in the diaphysis of long bones, and 
the most uptake occurs in juxtaphyseal and subchondral 
hone in normal subjects. Increased uptake by or near the 
joints during the delayed (bone) phase has been related to 
several conditions, including degenerative joint disease, 
various enthesopathies, periarticular bone sclerosis, and 
septic arthritis. Variations from the normal uptake pat¬ 
tern arc discussed later in this chapter. 

RADIATION SAFETY AND PROTECTION 

Radiation detection equipment is used to find 99m Tc 
traces that might have accidentally spilled and to detect 
the levels of radiation in a patient before releasing the 
patient back to the public. Geiger Muller survey instru¬ 
ments are used to survey areas and surfaces for spills 
(Fig. 4.156) and ion chambers are used to record the 
levels of radioactivity in patients (Fig. 4.157). 


f . q 





Figure 4.136 A Geiger Muller survey instrument is used to 
scan tor radioactive spills and possible contamination 



Figure 4.137 An ion chamber records the levels of radioactivity 
in patients, e g., to determine whethei they can be released 
Acceptable radioactivity levels depend on state law but should be 
defined in the license description ’or each nuclear medicine clinic. 



Figure 4.138 Film badges persona dosimeters) should always 
be worn to monitor the total cumulative radiation dose. Finger 
(ring) thermoluminescent dosimeter film badges should be wom by 
personnel who prepare and inject the radiopharmaceutical. 


The A LARA procedures and protocols as described 
by the local radiation safety officer should always be 
followed. ALAR A means that the radiation dose to 
which you are exposed will be kept \is low us reasonably 
achievable These procedures were developed to protect 
you, others, and the environment from unnecessary risks 
from radiation exposure. Film badges (personal dosime¬ 
ters) should always be worn to monitor the total cumula¬ 
tive radiation dose. Finger (ring) thermoluminescent do¬ 
simeter film badges should be worn by personnel who 
prepare and inject the radiopharmaceutical i Fig. 4.158). 
hating, drinking, or smoking while handling radioactive 
materials or a radioactive patient is not permitted. 45 * 
Lead syringe shields are designed to help reduct the ra¬ 
diation dose to the fingers (Fig. 4.159). To achieve an 
even greater reduction in radiation exposure to the fin¬ 
gers, an indwelling jugular catheter with a short exten¬ 
sion rube should be placed before the study is performed. 

The nuclear medicine clinician should be conscious 
of two basic methods of exposure to ionizing radiation: 
internal contamination and external radiation. Care 
must be raken to avoid internal contamination through 
the accidental ingestion of the radionuclide. This most 
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Figure 4.139 Lead syringe shields are designed to help reduce 
the radiation dose to the fingers. 


commonly occurs by contamination of the hands and 
subsequent accidental ingestion, although absorption by 
the mucous membranes of the eyes and nose or inhala¬ 
tion can occur if, for example, the material is accidentally 
sprayed during injection. Direct injection via accidental 
hypodermic needlestick is a less likely, although possible, 
route of internal contamination. Latex gloves should al¬ 
ways be worn when working with either radiopharma¬ 
ceuticals or the radioactive patient. These gloves and 
other items used to treat the horse should be disposed of 
appropriately, as described by the local radiation safety 
officer. 

External radiation exposure occurs w hen the clinician 
is in the immediate vicinity of the horse, such as when 
scanning. The three basic rules of radiation safety arc 
time, distance, and shielding. Therefore, do not spend 
more time than necessary with the horse. Doubling the 
distance between you and the horse reduces your radia¬ 
tion exposure by a quarter. Similarly, standing just half 
that distance closer to the horse quadruples your expo¬ 
sure. Therefore, standing 1 meter away from the horse 
significantly reduces your radiation exposure. For exam¬ 
ple, if the exposure rate at the surface of a horse is 6.6 
mrem/hour, it is only 1,3 mrem/hour at I meter away. 

Syringe shields should be used to reduce the radiation 
dose to the fingers (Fig. 4.139). Personnel who scan 
horses on a frequent basis should consider wearing a 
lead apron and a lead thyroid shield (Fig. 4.140). Protec¬ 
tive lead clothing reduces the radiation exposure dose 
by threefold to fourfold. For example, if the exposure at 
the surface of a horse is 6.6 mrem/nour, the exposure to 
a person wearing a lead apron (at skin surface) is only t .5 
mrem/hour. Thus, with this example, standing 1 meter 
away from the horse and wearing a lead apron reduces 
exposure to about 0.5 mrem/hour. 

Appropriate radiation warning signs and patient han¬ 
dling procedures should be posted on the stall in which 
a radioactive horse has been housed. The horse is hospi¬ 
talized until the radiation exposure at skin level is below 
the level specified by state law, usually between 1.0 and 
5.0 mrem/hour. Survey meters, such as Geiger counters 
(Fig. 4.136) and ion chambers (Fig. 4.137), are used to 
monitor the work area for possible contamination and 
to monitor the horse for release. After the horse has been 
released, the stall is closed off for an additional 24 hours 



Figure 4.140 A iead apron and thyroid shield reduce the 

radiation dose to the clinician Latex gloves prevent skin 
contamination, e g., by radioactive urine 


before it is cleaned out. This allows the Wm Tc that has 
been excreted via the urine to undergo tour more natural 
half-lives, reducing the exposure to the workers even fur¬ 
ther (ALARA). Other precautionary steps, such as plac¬ 
ing absorbent material (e.g., socks) in front of the stalls 
to prevent radioactive urine from leaking into the walk¬ 
way, when indicated, should be considered (Fig. 4.141). 

IMAGING EQUIPMENT 

The gamma camera contains a collimator made of 
small holes in a lead plate that allow only perpendicular 
y^rays through (Fig. 4.142). This reduces scatter, thereby 
improving image resolution. The y-rays interact with a 
fluorescent crystal (a thallium-activated sodium iodide 
crystal is commonly used), which changes the y-energy 
to light photons. The light photons interact with a photo¬ 
cathode, which generates electrons; and the electrons are 
amplified by an array of photomultiplier tubes. The x- 
y coordinates of the electrons are then recorded, and the 
image is reconstructed. Therefore, the image represents 
the geographic distribution of the radiopharmaceutical 
in the horse. Images arc acquired in a 256 X 256 matrix, 
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Figure 4.141 Horses should be housed In stalls approved by 
the radiation safety officer until skin levels reach the standards set 
by the state. Radioactive warning signs and patient handling 
procedures should be posted on the stall, and absorbent material 
such as socks can be used on tfte floor in front of the stall to 
absorb potentially radioactive unne. 



Figure 4.142 In the gamma camera, the ^photons from the 
""Tc in the horse are changed to light photons by the sodium 
iodide crystal and then to electrons by the photocathode. The 
electrons are amplified by the photomultiplier tubes, and the signal 
is used for image reconstruction by the computer 



Figure 4.143 This gamma camera is suspended by a chain 
hoist from a track system, allowing it to be moved in all directions 
around the horse 


which optimizes image resolution but does not require 
excessive computer storage capabilities. 

Various techniques have been devised to suspend the 
gamma camera, including forklifts, hydraulic systems, 
and track-and-hoist systems (Fig. 4.143), 1,1 The gamma 
camera and collimator weigh approximately 1500 lb 
(682 kg) and must be kept still for the acquisition time 
of 30 to 90 seconds. The gamma camera computer ac¬ 
quires the data, reconstructs the images, and sends the 
digitized images to the processing computer (Fig. 4.144). 

The processing computer is usually dedicated to the 
nuclear medicine facility and is used for postprocessing 
the images and maintaining image storage (Fig. 4.145). 
Hard copies of nuclear medicine images can be made to 
x-ray-type film by using a multi formatter or a medical 
laser imager (Fig. 4,146), Paper printers are also used to 
produce color or black-and-white images. Interpretation 
reports should be generated as soon as possible and 
stored with the images as part of the medical record of 
each patient. 

The equipment needed for a nuclear medicine imaging 
service consists of relatively high technology electronic 
instrumentation and must be maintained appropriately 
to ensure that optimal diagnostic images arc acquired. 
Although the maintenance of the equipment is beyond 
the scope of this text, image quality and resolution can be 
affected by a number of factors, including I) insufficient 
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Figure 4,144 The gamma-camera computer reconstructs the 
acquired image, makes necessary digital adjustments to Improve 
the basic image resolution, and then sends the image to the 
processing computer. 



Figure 4.145 The processing computer processes the images 
and is used tor digital image (soft copy) storage 


counts (e.g., acquisition time too short, MVm Tc dose too 
low, extravascular injection of radiopharmaceutical, 
camera not adequately peaked), 2) incorrect collimator, 
3) inadequate correction floods, 4) motion of patient, 
camera, or both, and 5) incorrect position of the gamma 
camera. See your service company for other problems. 



Figure 4.146 Nuclear medicine images can be processed on x- 

ray-type film by using technologies provided by either a 
muttiformatter or a medical laser imager and examined on a view 
box. 


Table 4.6 MINIMUM IMAGE ACQUISITION COUNTS 


Body Region 

Number of Counts x 1000 

Foot 

100-150 

Carpus 

100-150 

Elbow 

150-200 

Shoulder 

200-300 

Hock 

150-200 

Stifle 

150-200 

Hip 

200-300 

Sacroiliac area 

200-300 

Spine 

200-300 

Soil tissue (pool) phase image 

75-100 


Image acquisition is determined by cither the number 
of counts or the acquisition time. The number of counts 
per image is the most critical factor in terms of image 
quality. Although a minimum number of counts is 
needed for a diagnostic image, more counts will result 
in a superior image. Table 4.6 suggests minimum counts 
per image by body part. A longer image acquisition rime 
is needed for more counts per image, although at some 
stage a long image acquisition time becomes impractical. 
I have found that most horses will stand still for about 
60 seconds when sedated with intravenous butorphanol 
and detomidine, so I rarely acquire an image for less than 
60 seconds. For example, if a 60-second image of the 
foot results in 250,000 counts, I acquire the image for 
60 seconds and not for 30 seconds, which would have 
given a diagnostic image, albeit with less resolution. 

The risk with limiting the acquisition to a certain 
number of counts (as opposed to time) is that if there is 
urine contamination under a foot, or another limb is in 
the field of view, or the urinary bladder is in the field of 
view, then the counts recorded by the acquisition com¬ 
puter will include these aberrant y-rays, w hich do not 
contribute to image quality. In fact, they would reduce 
image quality by diminishing the number of y-rays used 
for image reconstruction. Therefore, during scanning, it 
is better to use acquisition time rather than counts per 
image, given the premise that the number of counts is 
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Figure 4.147 Acquisition data from a typical scintigraphic study 
showing the name, acquisition time, and number of counts for 
each view 


the more critical factor in image quality. The object is 
to have sufficient radioactivity in the skeletal system to 
acquire sufficient counts per image in an appropriate 
length of time. When using Table 4.6, remember that 
the more counts acquired per image, the better the image 
resolution. 

Figure 4.147 shows the acquisition data from a typical 
case. 1 found that it takes the same amount of time to 
acquire sufficient data for a lateral foot image as to ac¬ 
quire nearly any other image. Therefore, I generally limit 
subsequent images to the time that was needed to acquire 
sufficient counts for a lateral foot image. 

The use of a radionuclide scanner in equine scintigra¬ 
phy has been described. 11,32 This technique does not pro¬ 
duce images but, rather, collects the number of counts 
in specific areas via a single (handheld) probe counter. 
The counts are recorded and compared with counts on 
the contralateral side. 

METHOD 

The radiolabeled pharmaceutical, either ^"Tc-MDP 
or Wn Tc*HDP, is generally used at a dose of 0,35 mCi/ 
kg. The radiolabci must be given intravenously, or a 
slow, continuous release of 99m Tc will result in subopti- 
mal images because of high levels of circulating radioac¬ 
tivity. Patient control is important; the horse must he 
immobile during the 60 seconds it generally takes to ac¬ 
quire the image. Chemical restraint is helpful; 1 use a 
combination of intravenous dctomidinc and butor- 
phanol. 

The tracer is given intravenously, and the blood flow 
(phase I) images are acquired immediately, if required. 
Soft tissue (pool) phase images are acquired within the 
next 10 minutes. Soft tissue phase images must he limited 
to three or four, so they can he completed before signifi¬ 
cant bone uptake occurs. Delayed-phase images are ac¬ 
quired from 2 to 4 hours after injection. 

If lumbar spine, pelvis, and stifle images are being 
acquired, furosemide is given intravenously 60 to 90 
minutes before the delayed phase starts; this increases 
the chances of an empty- bladder ("Tc-HDP in the urine 
obscures visualization of the stifles, lumbosacral junc¬ 
tion, sacroiliac ioints, and coxofcmoral joints). Lateral 


images of the limbs are made with the camera carefully 
positioned lateral to the region being imaged, which is 
not necessarily lateral to the horse. Dorsal views are gen¬ 
erally made of the carpi. The orthogonal view (dorsal or 
plantar) of a lesion should always ne attempted to help 
document the third dimension. 

Lead sheets are used to shield out scatter radiation 
from the other limbs (Fig. 4.140). Lead should also be 
placed medial to the olecranon and stifle to shield out 
the sternum and the penis and urinary bladder, respec¬ 
tively. Be sure to overlap the views slightly, so that no 
area is left unscanned. 

Wait 3 to 4 days after palmar digital nerve blocks and 
14 days after low- and high-palmar nerve blocks before 
scanning, because this leads to increased tracer uptake 
in the soft tissue (pool) phase. 41 Similarly, wait about 7 
days after any intraarticular analgesia before scanning. 44 
Local nerve blocks (intraarticular or perineural) will not, 
however, affect bone uptake in the delayed phase.* 

The following views are recommended for the full 
evaluation of the forclimbs: lateral foot (distal metacar¬ 
pus, metacarpophalangeal joints, and phalanges), solar 
distal phalanx, lateral metacarpus, lateral and dorsal car¬ 
pus, lateral radius, lateral elbow, lateral humerus, lateral 
shoulder, and lateral scapula. 



Figure 4,148 Camera positioned for the LOO view ot the 
lumbosacral junction. 
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The following views are recommended for the full 
evaluation of the spine: right dorsal oblioue (RDO) lum¬ 
bosacral junction, RDO lumbar spine, RDO caudal tho¬ 
racic spine, RDO cranial thoracic spine, left dorsal 
oblique (LDO) lumbosacral junction (Fig. 4,148), LDO 
lumbar spine, LDO caudal thoracic spine, LDO cranial 



Figure 4.149 Camera positioned for the dorsal view of the 
pelvis, allowing good visualization of the sacroiliac joint region. 


thoracic spine, dorsal pelvis (Fig, 4.149), caudal pelvis 
(tail on detector, TOD), RDO sacrum, and LDO sacrum. 
Lateral and dorsal views of the spine are less effective 
because of the great distance that the camera is from the 
vertebrae. They can, however, be included as orthogonal 
views when a lesion is found. A point source (e.g., the 
syringe and needle that was used for the Wm Tc-HDP in¬ 
jection, sealed in a latex glove) can be placed along the 
dorsum of the back to localize the exact position of a 
lesion, which is then marked with a permanent marker. 

The following views arc recommended for the full 
evaluation of the hindlimbs: lateral foot, lateral cannon, 
lateral hock, lateral tibia, lateral stifle, lateral femur (Fig. 
4,150), lateral hip, dorsal oblique hip, dorsal pelvis, cau¬ 
dal pelvis, and dorsal oblique sacrum. A plantar view of 
the hock should be made if increased uptake is seen on 
the lateral view. 

Lateral views of the feet can be made by placing both 
forefeet (or both hindfect) on a wooden box that is about 
25 cm high (Fig 4.151). The top of the box should be 
strong enough to support a large horse (I use 1.5-inch, 
3.75-cm, plywood). The gamma camera can then be low¬ 
ered to acquire a lateral view. The same box can be used 
to acquire dorsal views of the forefeet by placing the feet 
at the front edge of the box and the gamma camera in 
front of the feet. An alternate system is to dig a pit into 



Figure 4.150 Camera positioned tor the lateral view of the 

lemur. 



Figure 4.151 Camera positioned for the lateral view of the left 
forefoot. The horse is standing on a wooden box to allow the 
gamma camera to be moved far enough distally to image the foot, 
and lead shielding is used to block out the right forefoot. 
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which the gamma camera can be lowered. Although this 
might seem easier than positioning the horse on a box, 
the camera position is thus fixed and the horse must be 
moved to acquire images of each foot. Some clinics have 
constructed a ramp for the horse. The ramp takes up 
more space than the box. Furthermore, the horse cannot 
remain on the ramp for the entire scan because of upper 
vertical limits of both the camera suspension system and 
the camera operator. 

The solar view of the foot has been shown to be more 
sensitive for the evaluation of the navicular bone than 
the lateral view." The camera is positioned face up in 
front of the horse, with the surface of the camera at or 
just below the level of the carpus. Solar views of the feet 
are best made by stretching the forefoot out cranially 
and placing it on the camera face (Fig, 4.152). The colli¬ 
mator is protected from the foot by 6-mm Plexiglas, 
which is attached with Velcro, Be sure to move the 
horse’s head away from the field of view to reduce scat¬ 
ter. The solar view' of the hindfoot is done less frequently, 
but can he made by stretching the limb cattdally, placing 
the foot on a wooden box, and positioning the camera 
behind it. An alternative method is to dig a pit in the 
floor and to place the camera in it faceup. Then cover the 
rt with appropriate material, and position the standing 
orsc over the camera. Although it is easier to posirion 
the horse over the pit than to stretch the foot out forward 
and hold it on the camera, rhe standing view causes the 
superimposition of the pastern and fetlock over the na¬ 
vicular bone region. 

The camera hoist system should be designed so that 
lateral, dorsal, and dorsal oblique views of the axial skel- 



Figure 4.132 Camera positioned for the solar view of the right 
forefoot 


cton of even large horses are possible (Figs. 4.148 and 
4.149). 

INDICATIONS FOR NUCLEAR BONE 
SCANS IN HORSES 

Vascular Phase (Phase 1) 

Imaging the vascular phase is an excellent technique 
for determining blood flow to specific areas and is of 
particular importance for evaluating trauma to the distal 
extremities. The vascular phase can also help document 
thrombi to the internal iliac arteries. 

Soft Tissue Phase (Phase 2) 

Soft tissue (pool) phase images are important in cases 
of acute lameness because they allow the clinician to 
identify changes (especially increases) in blood flow to 
local areas. For example, these images reveal hyperemia 
of the synovium or joint capsule and at the proximal 
attachment of the suspensory ligament. 52 This is particu¬ 
larly important in the distal limb, although increased 
blood flow to the sacroiliac joinr regions can also be 
seen. Focal areas of trauma can be evaluated for altered 
soft tissue perfusion. Sometimes, it is difficult to differen¬ 
tiate between early bone uptake by a lesion and increased 
blood flow to an area. Therefore, the more accurate soft 
tissue phase images arc those done with <,< * nr TcO., instead 
of a hone-seeking radiolabel. 

Delayed Phase (Phase 3) 

Delayed-phase images can help in the diagnostic 
workup of horses presenting with ill-defined lameness, 
multiple-cause lameness in the same limb or in different 
regions of the body, acute lameness of unknown origin, 
unblockable lameness, back pain, conditions affecting 
the spine (c.g., facet degenerative joint disease, impinge¬ 
ment of dorsal processes, trauma t, 2,41 sacroiliac and hip 
joint problems, dental disease, 20 fracture of the distal 
sesamoid (navicular) hone or distal phalanx,** 4 * and na¬ 
vicular disease. 11 These images are also used to follow 
up a known lesion (to check the progress of healing), to 
examine radiographically normaj but painful joints (e.g., 
the metatarsophalangeal joint), 1 to determine bone via¬ 
bility, and to round out a prepurchase examination. 

Soft tissue uptake in the muscles can be seen during 
the delayed phase in cases of rhabdomyolysis. 23 Scintig¬ 
raphy is not considered particularly sensitive to changes 
associated with subchondral bone cysts. 1 " 1 The scinti¬ 
graphic appearance of systemic conditions such as hyper¬ 
trophic osteopathy has been described. 14 

THE NORMAL BONE SCAN 

Vascular phase images are best viewed as a cine loop 
on the acquisition computer (the cine loop is a software 
application that allows the images to be viewed sequen¬ 
tially and in rapid order). A composite of vascular phase 
images can be generated and should show r good perfu¬ 
sion. When the images of the distal limbs are being exam¬ 
ined, it is best to have both limbs in view and to look 
for perfusion symmetry. Composite images of the distal 
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aorta should show the bifurcation of the aorta into the 
internal and external iliac arteries (Fig. 4.153). 

Soft tissue (pool) phase images of the foot show some 
vascular activity, but the fetlock and pastern regions 
should have homogeneously smooth uptake (Fig. 4.1 i4). 



Figure 4.153 Composite image of the blood Dow in the region 
of the distal aorta, showing the normal bifurcation of the aorta 
(arrow) into the internal and external iliac arteries 



Figure 4.154 Soft tissue (pool) phase image of a normal left 
forefoot, showing vascular activity on the palmar aspects proximal 
and distal to the fetlock and m the area of the coronary band. Note 
that the fetlock and pastern regions have homogeneously smooth 

uptake. 



Figure 4.155 Soft tissue phase image of the dorsal pelvis 
region of a normal horse, showing symmetrical perfusion to the left 
(arrow) and right sacroiliac pint regions 


The palmar and plantar blood vessels are seen as distinct 
linear activity, and the coronet has increased activity re¬ 
sulting from a vascular plexus. In addition, the distal 
phalanx has a generous blood supply to the sensitive 
laminae, and increased activity is seen. Soft tissue phase 
images of the dorsal pelvis should show symmetrical per¬ 
fusion to the left and right sacroiliac joint regions (Fig. 
4.155). 

Delayed-phase uptake in the phalangeal area of a nor¬ 
mal horse is similar in the fetlock, pastern, and coffin 
joints (Fig. 4.156). Comparison of the relative radio¬ 
pharmaceutical uptake of joints is best made within a 
root or leg but not between opposite feet, although the 
relationship between two joints in one foot should be 
the same as the relationship between the same joints in 
the opposite limb. This allows an accurate comparison 
of regions in contralateral limbs even when the total up¬ 
take by the limbs is dissimilar, 

Increased uptake in the dorsal and palmar/plantar 
cortex of the proximal phalanx is sometimes seen as an 
incidental finding in hunters and jumpers as a normal 
response to training (Fig. 4.157). ,M The solar view of the 
distal phalanx should not reveal superimposition of the 
other phalanges. The distal phalanx should have a 
smooth homogeneous uptake pattern, and the navicular 
bone should not be seen as a discrete structure (Fig. 
4.158). The metacarpus and metatarsus (cannon bone) 
should show similar uptake between them and the small 
metacarpal and metatarsal (splint) hones and thus 
should not be distinguished separately (Fig. 4.159). 

The carpus generally has more uptake than the diaph- 
yses of the radius or the cannon, hut it should be homo¬ 
geneous in nature (Fig. 4.160). The distal radial physis 
shows increased uptake in growing foals, but it can be 
seen as a distinct area in horses up to 8 years old (Fig. 
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Figure 4.156 Delayedphase image of trie fool of a normal 
horse, showing similar or equal radiopharmaceutical uptake in the 
fetlock, pastern, and coffin joints live proximal sesamoids and the 
distal cannon should have similar or equal uptake. Urine 
contamination (arrow) is seen on the sole of the hoof 



Figure 4.158 Solar view of a normal foot, showing the distal 
phalanx imaged without superimposition of the other phaianges- 
The navicular bone should not be seen as a separate entity. 



Figure 4.157 Increased uptake in the dorsal and palmar/ 
plantar cortex of the proximal phalanx (arrow) is sometimes seen 
as an incidental finding in hunters and jumpers as a normal 
response to training 





Figure 4.159 Lateral view of a normal right metacarpus 
(cannon) bone, showing simitar uptake between the cannon bone 
and the small metacarpai/metatarsal (splint) bones 
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Figure 4.160 Dorsal view of a normal carpus, showing 
homogeneously more uptake tn the carpus than in the adjacent 
radial and metacarpal daphyses. 



Figure 4.161 Lateral view of a normal carpus in a younger 
horse, showing increased uptake in the distal radial physis 


4,161). The physis will have closed radiographically, and 
growth is no longer occurring at that site, but there is still 
sufficient osteoblastic activity to differentiate the physis 
from the adjacent metaphysis and the epiphysis. In¬ 
creased uptake is often seen in the radioulnar joint of 
normal elbows (Fig. 4. 162), 

The deltoid tuberosity is easily visualized on the era- 



Figure 4.162 Lateral view of a normal elbow, showing the 
higher uptake pattern in the subchondral bone and the olecranon 
of the proximal uina at the attachment of the tnceps muscles 
Increased uptake is often seen In the radioulnar joint of normal 
elbows (arrow) 



Figure 4.163 Lateral view of a normal left humerus, revealing 
the deltoid tuberosity (arrow), which is easily identified and can be 
used as an imaging landmark 


nial cortex of the humerus (Fig. 4.163). The normal 
shoulder joint demonstrates increased uptake in the 
areas of the greater and lesser tubercles and the humeral 
head (Fig* 4.164). The glenoid cavity, however, should 
have less activity than the humeral head. The scapula 
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Figure 4.164 Lateral view of a normal left shoulder joint, 
demonstrating increased uptake in the areas of the greater and 
lesser tubercles and the humeral head. The deltoid tuberosity and 
the spme of the scapula can also be seen. 



Figure 4.169 Lateral view of a normal left scapula, showing the 
spine of the scapula and a supenmposrtion artifact (arrow) created 
by overlap between the scapula and dorsal spines of the withers 


should be easy to visualize, and in some cases the withers 
can he evaluated at the same time (Fig. 4.165). Supcrim- 
position artifact from the withers and thoracic spine 
often occurs on images of the scapula, creating an area 
of perceived increased uptake. 



Figure 4.166 Lateral view ol a normal left hock, showing more 
uptake In the subchondral bone than in the diaphyseal bone of the 
cannon or in the distal tibia. 


The lateral image of the hock should include the distal 
portion of the tibia and the proximal metatarsus (cannon 
bone) (Fig. 4,166). Tracer uptake in the bones of the 
hock is greater than that in the tibia and cannon bone 
but should always be homogeneous and smooth, with 
similar uptake in the tarsocrural, intcrtarsal, and tarso¬ 
metatarsal joints. Increased uptake is often seen in the 
distal tibia at the level of the phvsis. When increased 
uptake (in the hock joint) is seen on the lateral view, a 
plantar view should be made to determine whether the 
lesion is medial or lateral. 

Resolution of the cranial and caudal cortices of the 
tibia should be possible on the lateral view of the tibia 
(Fig. 4.167), The stifle shows similar uptake berween the 
patella, trochlea, and condyles; slightly more uptake is 
noted in the proximal tibia, tibia! crest, and head of the 
fibula (Fig. 4,168). The femur of smaller (shorter) horses 
can be evaluated on the lateral stifle and lateral hip im¬ 
ages. In larger (taller) horses, however, a separate lateral 
femur image should be made (Fig 4.169). The third tro¬ 
chanter is an important landmark and should be seen. 
The cranial and caudal cortices should also he seen on 
the scintigrams. 

Lateral images of the hip should identify the cranial 
and caudal portions of the greater trochanter and third 
trochanters (Fig. 4.170). Dorsal oblique views of the hip 
allow improved visualization of the femoral head and 
neck and the acetabular region (Fig. 4.171). The normal 
acetabulum should not he seen as a separate entity; i.e., 
the acetabulum should not have a signal greater than 
that of the ilium. Urine in the urinary bladder sometimes 
obscures visualization of the hip joint and can be mis¬ 
taken for disease. Dorsal or caudal views of the hip re¬ 
gion should be made to differentiate the urinary’ bladder 
(a mid line structure) from the hip joints. 


Copyrighted ma 





Chapter 4 Equine Diagnostic Imaging 359 




Figure 4.167 Lateral view ot a normal right tibia, showing 
homogeneous uptake by the cranial and caudal cortices. 


Figure 4.169 Lateral view ot a normal right lemur, showing a 
well-defined third trochanter. The greater trochanter is seen 
proximatly 



Figure 4.168 Lateral view ot a normal nght stifle, showing 
simitar uptake by the patella, trochlea, and condyles and slightly 
more uptake in the proximal tibia, tibial crest, and head of the 
fibula 



Figure 4.170 Lateral view of a normal left hip joint region, 
showing the cranial and caudal portions ot the greater trochanter 
and third trochanter, 
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Figure 4.171 Dorsal oblique view of a normal left hip, which 
allows improved visualization of the femoral head and neck and 
the acetabular region 



Figure 4.172 Dorsal view of a normal pelvis, showing the tuber 
sacrate and the sacroiliac |oints. Note the symmetry between left 
and right. 


The dorsal view of the pelvis is rhe best for the evalua¬ 
tion of the tuber sacralc and the sacroiliac joints; symme¬ 
try' between left and right is considered normal (Fig. 
4.172). Although the dorsum of 1.6 and L7 and the sac¬ 
rum can also be seen on the dorsal view, the dorsal spi¬ 
nous processes are besr evaluated on the dorsal oblique 
views. These views, made from the left and right sides. 



Figure 4.173 RDO view of the lumbosacral region of a normal 
horse, showing good resolution of the tubera sacrale, dorsal 
spines, and transverse processes Refer to Figure 4 148 for 

gamma-camera orientation for the contralateral image The edge 
of the tuber coxa is seen at the lower left aspect of the image. 


are invaluable for the evaluation of the spine. For most 
horses, rhe thoracolumbar spines can be imaged in eight 
views (four from each side); make sure thar sufficient 
overlap exists between views so that no part is excluded. 
I take the following dorsal oblique views from both sides: 
lumbosacral region, lumbar spine, caudal thoracic spine, 
and thoracic spine (Figs. 4.173 to 4.176). I also take a 
dorsal view r if a lesion is found. 

Resolution of the dorsal spines and the transverse pro¬ 
cesses should Ik* possible in all but the largest of horses. 
The back muscles of horses that weigh more than 1500 
lb (682 kg) can be so bulky that they reduce or attenuate 
the y-signal enough to reduce the resolution of these 
structures. Adjacent spinal units should each have simi¬ 
lar amounts of uptake. Re sure to evaluate the dorsal 
spines, articular facers, and transverse processes of the 
entire spine, including the sacrum and tail head (sacro¬ 
coccygeal region) (Fig. 4,177). 

The caudal view' of the pelvis, or the tail-on detector 
(TOD) view, is essential for the evaluation of the floor 
of the pelvis and the tubera ischii (Fig. 4.178). The cam¬ 
era is positioned directly behind the pelvis of the horse 
for the TOD view. Make sure that the gamma camera 
is equidistant from the left and right tuber ischiadicum 
during acquisition of this view or the closer tuber ischia- 
dicum will appear to have more uptake than the other. 
Asymmetric uptake by the tuber ischiadicum is consid¬ 
ered abnormal. Angling the camera dorsally (slope of the 
rump) should be done if the urinary bladder is interfering 
with the image. This will project the bladder above the 
tuber ischiadicum (Fig. 4.179). 

The diaphyscs of long bones have less uptake than 
other parts of the bones because of the relatively tow 
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Figure 4.174 RDO view of the lumbar region of a normal 

horse, showing good resolution of the dorsal spines, transverse 
processes, right kidney, and caudal nght nbs, 



Figure 4.176 RDO view of the thoracic region of a normal 
horse, showing good resolution of the dorsal spines of the withers, 
the ribs, and the caudal angle of the right scapula. 



Figure 4.175 RDO view of the midthoracic region of a normal 
horse, showing good resolution of the dorsal spines and ribs Note 

the upward slope of the base of the withers. 


Figure 4.177 RDO view of the sacral region of a normal horse, 
showing good resolution of the dorsal spines of the sacrum and 
the proximal tall 


Copyrighted material 





362 Adams' Lameness in Horses 



Figure 4.178 TOD view showing good visualization of the floor 
of the pehns. especially the ischiatic tuberosities The tail is seen 
as a midline structure Note the bilateral symmetry. 



Figure 4.179 TOD view taken with the gamma camera angled 
to project the bladder away from the ischiatic tuberosities. Use this 
view when urine obscures visualization of the pelvic floor on the 
TOO view. 


metabolism in the diaphyscs of normal patients. The up¬ 
take should, however, be smoothly homogeneous with 
no focal areas of increased uptake. Contralateral imag¬ 
ing can be useful when evaluating borderline lesions. 
Phvscs, epiphyses, and apophyses demonstrate increased 
uptake because the bone tissue in these areas has in¬ 
creased metabolic rates. 

Although the distribution of the radiopharmaceutical 
in the normal horse—young and old—is predictable, ex¬ 
perience is necessary for interpreting bone scans. Com¬ 
paring the relative uptake in opposite limbs or compar¬ 
ing images from horses of a similar age can assist the 
clinician in arriving at significant conclusions. It is im¬ 
portant to look at relative uptake between structures on 
the same image and then compare it with the relative 
uptake between the same structures on the contralateral 
image. This compensates for times when, for example, 
an enrire leg has less uptake than the opposite one. In 
these cases it is inappropriate to compare the uptake, for 
example, of rhe fetlock of the right with that of left foot. 
It is more accurate to evaluate the uptake ratio between 
the fetlock and the pastern region in one foot to the same 
ratio in the other foot. This reduces the risk of misinter¬ 
preting radiopharmaceutical uptake disparities that 
occur as natural phenomena or as image acquisition arti¬ 
facts (e.g, camera-body -distance inequalities or collima¬ 
tor decentering). The comparison of relarive uprake ra¬ 
tios should be used for images throughout tne body. 
Generally, the more intense the uprake, the more severe 
the condition, 

SCINTIGRAPHIC SIGNS OF DISEASE 
Vascular Phase 

Increased blood flow can be seen as a subacute or 
chronic response to trauma during the healing phase. 
Soft tissue imaging is useful for determining the amount 
of perfusion to the distal extremity and can thus help 
determine the best therapy and prognosis. The vascular 
phase is acquired by making 2-second images for 2 to 3 
minutes directly after the intravenous injection of the 
tracer. It generally takes about 1 minute for the leading 
edge of the tracer to reach the distal limb. The images can 
be viewed either individually or as a composite image, or 
the data from the individual images can be displayed in 
the form of a graph. 

Figure 4.180 presents the composite vascular phase 
image of the forelimbs of a horse 1 week after it had a 
near-degloving injury to the distal left fore cannon. After 
the intravenous administration of about 150 mCi 
" m Tc0 4 , 90 images of 2 seconds each were acquired. 
The study was performed to determine if there was blood 
flow to rhe pastern region. The composite image shows 
increased blood flow to the distal cannon, where granu¬ 
lation tissue has already started to form. The pastern, 
however, shows more blood flow than that of the (nor¬ 
mal) contralateral limb. This is believed to be the result 
of reflex hyperemia secondary to the healing process and 
is considered a positive sign, indicating that there is good 
blood flow to the foot. Figure 4.181 presents rhe data 
in graph form. The curse reflects the amount of radioac¬ 
tivity in the left and right pastern regions, determined 
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Figure 4,180 Composite vascular phase image of the bilateral 
pasterns of a horse t week after a near-degloving injury to the 
distal let! fore cannon region, showing moderately increased blood 
flow to the left pastern region and markedly increased blood flow 
to the distal left cannon region. 


by the region of interest that had been drawn around 
them. Each data point on the curve is one of the 90 
images. Quantitation of the respective blood flow can 
be done by determining the area under the curve of each 
pastern and calculating the percentage of total flow. Em¬ 
pirical evaluation of the images is generally sufficient for 
most clinical cases. 

Decreased blood flow to a region is often associated 
with nonviable bone or other tissue. Although seldom 
used, the vascular phase can be used to evaluate large 
sequestra. 

Soft Tissue Phase 

Increased activity in soft tissues is a good method of 
documenting increased blood flow to that region, e.g., 
joints with a joint synovitis and/or capsulitis. With fet¬ 
lock joint capsulitis, for example, there is a region of 
increased tracer over the joint, compared with the distal 
cannon bone region and the proximal phalange (com¬ 
pare Fig. 4.182 with Fig. 4.154, which has normal up¬ 
take). The relationship between the fetlock and the adja¬ 
cent regions is compared with the relationship between 
the same structures on the contralateral limb. Increased 
blood flow to rhe sacroiliac joint suggests sacroiliac joint 
capsulitis (compare Fig. 4.183 with Fig, 4.155, which 
has normal uptake); this increased uptake is sometimes 
seen in the delayed phase. Increased soft tissue phase 
uptake with a normal delayed-phase image is compatible 
with an acute degenerative condition, whereas increased 
uptake in both phases implies that the condition is prob¬ 
ably chronic in nature. Soft tissue phase imaging of the 


Blood flow, pastorm 





Figure 4.181 Graph of the data from the composite image 
shown in Figure 4.180, confirming that the left pastern has more 
blood flow than does the right one, 



Figure 4.182 Soft tissue (pool) phase mage of the left forefoot. 

showing increased blood flow to the fetlock region, which is 
suggestive of hyperemia associated with joint synovitis and/or 
capsulitis Figure 4.154 provides the normal comparison 
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Figure 4.183 Soft tissue (pool) phase image of the dorsal 
pelvis, showing increased blood flow to the left sacroiliac region 
(arrows), suggesting hyperemia associated with joint synovitis and.' 
or capsulitis. Figure 4 155 provides the normal comparison. 


navicular region often helps the clinician stage navicular 
syndrome; both lateral and solar views of the foot are 
acquired. Soft tissue phase imaging also helps with diag¬ 
nosing desmitis or avulsion-type injuries of the proximal 
attachment of the suspensory ligament. These injuries 
are not necessarily evident on ultrasound or radiographic 
studies. Deep-lying regions (e.g., the coxofemoral joints) 
are difficult, if not impossible, to evaluate during soft 
tissue phase imaging because of the meager nature of the 
signal and the large amount of other tissues between the 
hip and the camera. These tissues make up several half- 
value layers (a layer of tissue that causes tne signal to be 
reduced by half), which attenuate the beam significantly 
before it reaches the gamma camera. 

Care must be taken not to overinterpret soft tissue 
phase images in instances in which severe increased up¬ 
take is also seen in the delayed-phase images; soft tissue 
phase “hot spots” in these cases often represent early 
bone uptake. For example, the soft tissue image shown 
in Figure 4.184A probably represents early bone uptake 
of the radiopharmaceutical by the proximal phalanx be¬ 
cause of the intense uptake seen in that bone on the de¬ 
layed-phase image (Fig. 4.184B).This horse had a fissure 
fracture of the first phalanx, which was also seen on 
radiographs (Fig. 4.184C). 

Delayed Phase 

Regions with increased blood flow and osteoblastic 
activity demonstrate increased uptake of the radiophar¬ 
maceutical in delayed-phase images. The severity or in¬ 
tensity of the increased uptake varies and is often associ¬ 
ated with conditions such as fractures, stress fractures. 


degenerative joint disease, enthesopathy, osteomyelitis, 
and neoplasia. 

Distal phalanx fractures are generally easily seen be¬ 
cause of the amount of osteoblastic activity that occurs 
with them, e.g., fissure margin fractures (Fig. 4.185). 10 
Navicular disease is seen as increased uptake in lateral/ 
solar view delayed-phase images of the navicular bone 
region (Fig. 4.186). The uptake might be subtle, be¬ 
cause of the relatively small size of the navicular bone 
compared with the distal phalanx. The navicular should 
not be seen as a separate entity on normal scans. Lami- 
nitis results in moderate to severe radiopharmaceutical 
uptake in the distal aspect of the distal phalanx, seen on 
the lateral view and, especial)v, on the solar view (Fig. 
4.187), 

The amount of tracer uptake seen at a fracture site can 
help determine the type of fracture (pathologic versus 
traumatic) and the relative time of injury (acute versus 
chronic). Chronic and subacute fractures (older than 48 
hours) have intense increased uptake because of the con¬ 
siderable osteoblasric activity that is occurring (Fig. 
4.184B), Acute fractures have less radiopharmaceutical 
uptake because it takes approximately 24 hours for the 
osteoblastic activity at the injury site to be greater than 
that of the surrounding bone. In fact, acute traumatic 
fractures of less than 24 hours duration fail to show in¬ 
creased tracer uptake when compared with adjacent 
bone. 

Figure 4.188 shows a delayed-phase image taken 48 
hours after the horse experienced a comminuted fracture 
of the middle phalanx. Although mild increased uptake 
is seen, the fracture is best diagnosed because of the ana¬ 
tomic abnormality, not its physiologic peculiarity. Com¬ 
pare this figure with Figure 4.184B, which show's a 
chronic proximal phalangeal fracture with intense up¬ 
take and minimal anatomic displacement. Fracture up¬ 
take in humans can be expected at about 24 hours post¬ 
injury (although it takes longer in older patients) and 
generally lasts 6 to 12 months (again, longer in older 
patients). 43 The uptake by a fracture should decrease 
over time as fracture healing occurs. Figure 4.189 shows 
the delayed-phase image of a fractured right tuber ischia- 
dicum of approximately 2 weeks duration, demonstrat¬ 
ing both abnormal anatomy (ventral displacement of the 
fragment on the caudal view) and increased tracer up¬ 
take. Acetabular fractures are best seen on the dorsal 
oblique view of the hips, especially when compared with 
the contralateral joint (Fig. 4,190). 

Stress fractures of the dorsal cortex of the metacarpal 
bone are most commonly seen in racing Thorough¬ 
breds 12 and are often detected by nuclear medicine be¬ 
fore they can be seen on radiographs (Fig 4.191). Stress 
fractures have also been diagnosed with scintigraphy at 
other sites, including the proximal palmar third metacar¬ 
pal bone, 34 proximal caudolateral humerus, distal crani- 
olateral humerus, midshaft radius, proximal lateral 
tibia, distal caudolateral tibia, midshaft tibia, 5 s and 
tibia. 21 * Fractures of the proximal radius, distal tibia, 
central tarsal bone, tibia, and ileum have also been 
described.** 17 * 21 ’ 25 * 3 ^ 

Increased uptake can be seen in joints with degenera¬ 
tive joint disease. First, the uptake in the diseased joint 
must be compared with that in adjacent joints. Then, 
the uptake relationships arc compared with those in the 
opposite limb for confirmation. Increased uptake during 
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Figure 4.184 Right forefoot of a horse suffering from a chronic 
proximal first phalanx fracture A Soft tissue (pool) phase image 
showing marked increased blood flow to the proximal portion of 
the first phalanx. 6 Deiayed-phase image showing marked 
Increased uptake by the proximal portion of the first phalanx. C- 
Radiograph showing a proximal first phalanx fracture The 
increased uptake seen in the soft tissue image likely represents 
early radiopharmaceutical uptake by the bone, not just increased 
blood flow, because of the marked increased uptake seen in the 
deiayed-phase image 
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Figure 4.185 Solar (A) and Lateral (B) delayed-pftase images of a right fore distal phalanx with a marginal 

fracture. 



Figure 4.186 Solar delayed-phase image of the left fore distal Figure 4.187 Solar delayed phase image of the nght hind 

phalanx, showing increased uptake in the navicular bone distal phalanx, showing increased uptake along the distal portion. 

compatible wrth lamimtis. 
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Figure 4.188 Delayed-phase image ol a comminuted left fore Figure 4.189 TOD delayed-phase image of a fractured right 
middle phalangeal fracture 46 hours postinjury Anatomic tuber ischiadicum (arrows) 2 weeks post injury Mote both the 

displacement is apparent, although tracer uptake is only mildly anatomic abnormality and the severe increased tracer uptake 

increased 



Figure 4.190 A. LDO delayed-phase image of an acetabular fracture of the left hip. B RDO delayed-phase 

image of the normal contralateral (right) hip. 
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Figure 4.191 Deiayed-phase image of the right fore cannon 
with stress fracture caused by dorsal metacarpal disease, 


the soft tissue phase is seen with synov itis and/or capsul- 
itis; these joints do not necessarily have increased dc- 
layed-phase uptake or the radiographic changes seen 
with degenerative changes. Degenerative joint disease is 
commonly diagnosed in the pastern, fetlock, hock, stifle, 
and sacroiliac joints (Figs. 4.192 to 4.196). 

Osteomyelitis has an intense uptake pattern because 
of increased blood flow and osteoblastic activity. 
Figure 4.197 shows focal osteomyelitis on the greater 
tubercle of the right humerus. Radiographs documented 
the lesion, and a fine-needle aspirate confirmed a suppu¬ 
rative process. White blood cells can be labeled with 
Wm Tc-HMPAO and reinjected to look for areas of in¬ 
flammation, 30 

Degenerative changes in the spine are most commonly 
associated with overcrowding of the dorsal processes 
(kissing spines) and degenerative joint disease of the ar¬ 
ticular facets. The radiographic evaluation of the lumbar 
spine is especially difficult, if not impossible. Thus the 
scintigraphic evaluation of the spine is probably the best 
method tor looking at the back (Fig. 4.198A). LDO and 
RDO views of the spine are ideal, although straight lat¬ 
eral and dorsal views arc made if a lesion is found. Figure 
4.198B shows the dorsal view of the lumbar region, 
which demonstrates increased uptake in the dorsal spi¬ 
nous process of the L2. These lesions are generally more 
easily visualized on the dorsal oblique view than on the 
dorsal view. 

Enthesopathies show up as areas of increased radio¬ 
pharmaceutical uptake and may he radiographically ap¬ 
parent lesions. A positive nuclear medicine scan reflects 
degenerative changes at the attachment of the joint cap¬ 
sule, ligaments, or tendons. Common sites for entheso¬ 
pathies are the proximal sesamoids (sesamoiditis), where 
the suspensory ligament attaches to the abaxial surface; 
the proximal palmar/plantar region of the metacarpus 
or metatarsus (high suspensory ligament desmitis), 



Figure 4.192 Deiayed-phase image ol the right forefoot 
showing more uptake In the pastern joint than in the fetlock, which 
is compatible with degenerative joint disease ol the pastern Note 
the urine contamination on the sole. 



Figure 4.193 Deiayed-phase image of the right forefoot, 

showing more uptake in the lettock joint than in the pastern, which 
is compatible with degenerative joint disease of the lettock 


where the suspensory ligament attaches proximally; and 
at the level of the ruber ischtadicum, where the caudal 
thigh muscles originate (Figs. 4.199 to 4.2011. Increased 
uptake in the proximal region of rhe attachment of the 
small metacarpal bones to the third metacarpal bone 
may be evidence of enthesopathy of the interosseous liga* 


Copyrighted material 





Chapter 4 Equine Diagnostic Imaging 369 



re 4.194 Lateral (A) and plantar (B, medial aspect) uptake in the distal mtertarsal and tarsometatarsal joints, which is 

ed-phase images ot the right hock, showing severe increased compatible with degenerative joint disease ol the hock. 



re 4.195 Lateral delayed-phase image ot the left stifle, Figure 4.196 Deiayed-phase image ol the dorsal pelvis, 

mg increased uptake by the femoral condyle. showing increased tracer uptake in the left sacroiliac region 

(arrows), suggesting degenerative joint disease of the left 
sacroiliac joint. Figure 4,172 provides the normal companson. 
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Figure 4.197 Delayed-phase image of the right humerus, 
showing focal severe increased radiopharmaceutical uptake in the 
greater tubercle, caused by a suppurative process. 



Figure 4.199 Lateral delayed-phase image ot the left foreft 
showing increased uptake in the proximal sesamoid bones, wi¬ 
fe consistent with sesamoidilts The increased uptake in the 
pastern joint is suggestive of degenerative joint disease. 


■flfirv 



Figure 4.198 A. RDO delayed-phase image showing moderately increased uptake in the dorsal spine at Lt 
in a horse with chronic back pain. B Dorsal delayed-phase image of ttie same lesion. 
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Figure 4.200 Dorsal soft tissue (pool) phase (A) and delayed* 
phase (B) images ot the left fore carpus, showing increased 
uptake (arrows) at the proximal attachment ot the suspensory 
ligament in a horse with high suspensory disease 


ment (splints) or fracture of the splint bones (Fig 4.202). 
Similar scintigraphic changes can occur in the hindlimb. 

In horses, direct trauma* often blunt in nature, can 
occur from a kick or trailer accident or can be self-in¬ 
flicted from rapid movement (e.g., with interference). 41 
The dorsal sacrum and/or tail head appears to be predis¬ 
posed to trauma. Figure 4.203 is a scan from a horse 
that was thought to have received direct blows to rhe 
sacrum region, resulting in pain and increased uptake. 
Figure 4.204 is a scan from a horse suffering from 



Figure 4.201 TOD delayed-phase image of the dorsal pelvis, 
showing increased uptake over the left tuber ischiadicum 



Figure 4.202 Lateral delayed-phase image of the right 
metacarpus, showing increased uptake by the splint bone 


trauma of unknown origin that caused inflammatory 
changes in the sacrum. Figure 4.205 is a scan from a 
horse that had fallen from a bridge and landed on the 
tail head. Figure 4.206 is a scan from a horse that had 
been in a trailer accident. The horse presented with se¬ 
vere neurologic deficits that could be attributed to spinal 
trauma in the midthoracic region. 

Metastatic spread of neoplasia to bone, rarely seen in 
horses, can result in localized uptake in multiple bones. 


iHiy 
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Figure 4.203 Dorsal delayed-phase image of the sacrum 
(arrows), showing increased uptake by the dorsal spines. Blunt 
trauma was suspected, 



Figure 4.205 LDO delayed-phase image of the sacrum ol a 
horse that had fallen from a bridge, landing on the taithead. The 
image shows increased uptake by the dorsal spines (arrows) 
Figure 4.177 provides the normal companson. 



Figure 4.204 LDO delayed-phase image of the sacrum The 
image shows increased uptake by the dorsal spines (arrows). 
Figure 4.177 provides the normal comparison. 



Figure 4.200 Left lateral delayed-phase image of the 
midthoracic region of a horse that had survived a trailer wreck, 
with neurologic deficits compatible with spinal cord compression at 
the sites showing increased uptake (arrows). Figure 4.175 
provides the normal comparison. 
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Figure 4.207 Delayed-phase image showing a metastatic intestinal adenocarcinoma, which resulted in 

severe focal increased uptake in (amongst others) the ntos (A) and distal left humerus (B) 



Figure 4.208 Lateral delayed-phase image ot the left carpus, 
taken 3 weeks after an ulnar nerve block Note the soft tissue 

uptake 


Figure 4.207 shows scans from a Worse suffering from 
intestinal adenocarcinoma metastasized to the ribs and 
distal left humerus. The horse also had metastatic disease 
to several cervical, rhoracic, and lumbar vertebrae, mul¬ 
tiple ribs, and the sternum. 

Localized delayed-phase uptake of the radiopharma¬ 
ceutical in soft tissues is not commonly seen hut can 
occur with a variety of conditions, including regional 



Figure 4.200 Dorsal delayed-phase Image of the pelvis, 
showing linear uptake in the muscles (arrows) of a horse with 

rhabdomyolysis (tyirvg-up syndrome). 

* • 

anesthesia, rhabdomyolysis, and intramuscular injection 
of butorphanol. 1 ’ In Figure 4.208, delayed-phase soft 
tissue uptake was seen 5 weeks after the horse received 
an ulnar nerve block. 1 

Rhabdomyolysis (tying-up syndrome) is seen as linear 
uptake patterns in the muscles (c.g., gluteals) on delayed- 
phase images. Figure 4.209 shows the typical scinti¬ 
graphic appearance on a dorsal pelvis view, with linear 
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Figure 4.210 Lateral delayed-phase images of the left stifle (A) 
and proximal tibia (B) of a horse wilh rhabdomyolysis (tying-up 
syndrome), showing severe soft tissue uptake in the muscles over 
the tibia and caudal to the stifle, respectively 


uptake in the gluteal muscles. Figure 4.210 shows severe 
rhabdomyolysis, with severe uptake shown during the 
delayed phase in the muscles caudal to the left stifle and 
over the proximal left tibia. 24 
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The Role of Nutrition in 
Musculoskeletal Development 
and Disease 



Catherine J. Savage ano Lon D. Lewis 


Since nutrition and exercise arc important in the 
maintenance and development of healthy muscular and 
skeletal systems, deficiencies or excesses in these mav 
cause or predispose these systems to disease. Accord¬ 
ingly, this chapter will emphasize the role thar various 
nutrients and exercise play in the disease process. Dis¬ 
eases will be covered according to the time when they 
most commonly occur: I) during the preparturient and 
postparturient periods, showing effects on the mare and 
nursing foal, 2) during growth, and 3) during mainte¬ 
nance or work. 

In many instances, the only way to diagnose and cor¬ 
rect nutritional imbalances is to evaluate the ration and 
water ingested. For ration evaluation and proper feeding 
procedures to prevent nutritional imbalances, the reader 
is referred to the National Research Council’s (NRC’s) 
Nutrient Requirements of Horses*' and to Lewis.'** 


THE MARE AND FOAL 

If the mare is not properly fed during pregnancy, the 
fetus will be deprived of nutrients important for its devel¬ 
opment and growth. In most cases, however, normal 
fetal development occurs unless the deficiency is suffi¬ 
ciently severe and prolonged that the mare’s reserves are 
depleted. This usually would be evident by poor body 
condition and health of the mare. Generally, if the mare 
appears to be in good body condition, it is likely that the 
fetus is receiving the proper amount of nutrients (energy, 
protein, vitamins, and most minerals, etc.) for normal 
development. F.xceptions may include deficient or exces¬ 
sive intake of selenium, vitamin A, iodine, or possibly 
manganese by the mare, which may affect the fetus yet 
have no observable effect on the marc. Dietary imbal¬ 
ances severe enough to be clinically observable in the 
mare may have a profound effect on the fetus, newborn, 
and nursing foal. 


Inadequate Feed Intake 

Inadequate feed intake sufficient to cause a thin mare 
may greatly decrease the mare’s colostrum production 
and reproductive efficiency. Reduced colostrum produc¬ 
tion can occur secondary to inadequate dietary' energy 
and/or protein. If colostra! intake (i.e., passive transfer 
of maternal antibodies, cytokines, and other proteins) 
by the newborn foal is insufficient, then protection from 
infectious diseases will be compromised. 

Since 80 to 90% of all food eaten is needed for supply¬ 
ing energy requirements, the majur effect of inadequate 
feed intake is an energy deficiency. If the mare is thin 
at foaling and is not fed so thar she reaches oprimal body 
weight within the next several months, her reproductive 
efficiency may be greatly diminished. 41 In addition, a 
decrease in feed intake during the latter stages of preg¬ 
nancy and early lactation in ponies and miniature horses 
may result in a syndrome of hyperlipidemia/hyperli¬ 
pemia in the mare, which has a poor prognosis. Thor¬ 
oughbred, Standardbred, Quarter Horse, and other full- 
sized horse mares are not at risk unless they have pitui¬ 
tary adenoma or concurrent azotemia. 

Excess Feed Intake 

When a pregnant mare engages in excess feed intake 
to the point of obesity, the results may be just as harmful 
as inadequate feed intake. The mare that is overweight 
at parturition may have trouble with the following: 1) 
foaling, because of the decreased muscle tone associated 
with the decreased physical activity that occurs w ith obe¬ 
sity, 2) producing sufficient quantities of colostrum and 
milk for the foal because of fat deposition in the mam¬ 
mary gland, and 3) conceiving and maintaining preg¬ 
nancy. 

Overly obese mares are poor breeders. l,) Obesity in 
mares has been reported to be one of the most common 
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breeding problems observed at Thoroughbred brood 
marc farms.’ If the marc is overweight at foaling, it will 
frequently lose weight during the first few months of 
lactation. It is reported that these mares frequently do 
not come into heat or conceive as readily as those that arc 
maintaining or gaining weight during the initial stages 
of lactation.'*' A recent study concluded that the marc’s 
reproductive efficiency is enhanced by having her at opti¬ 
mum body weight and condition at foaling and that feed¬ 
ing the mare sufficiently during lactation to maintain this 
condition is important. 41 If she is thin at foaling, she 
should he fed so that she gains w eight during lactation. 
If she is overweight at foaling, she should be fed to main¬ 
tain this weight until 90 days after conception, at which 
time digestible energy (DE) intake (e.g., grains, concen¬ 
trates, sweet feeds) should be reduced as much as neces¬ 
sary to reach optimum body weight by the eighth month 
of pregnancy. Optimum body weight and condition are 
achieved w r hen the ribs cannot be seen but can be felt 
without feeling any fat between the skin and ribs. A re¬ 
port of equine condition scoring is given by Carroll and 
Huntington. 1 3 Horse owners should avoid trying to re¬ 
duce the mare’s weight during either the first or last 3 
months of pregnancy or early in lactation. Weight reduc¬ 
tion during the first 3 months of pregnancy may result 
in fetal resorption, 41 w'hilc during the last 3 months of 
pregnancy, it may decrease colosrral production and af¬ 
fect the fetus’ birth weight. Weight reduction during lac¬ 
tation will decrease milk production. In addition, exces¬ 
sive feeding during the last 2 weeks of gestation should 
be avoided, since this practice has been associated with 
an increased incidence of cecal rupture. 111 * 


Protein Imbalances 

Much of our knowledge regarding protein deficien¬ 
cies during gestation is extrapolated from other species. 
Inadequate protein in the diet during pregnancy has been 
shown to decrease cerebral weight, protein content, and 
glial and neuron cell numbers in newborn mice. 6 * A simi¬ 
lar decrease in neuronal cell numbers in young rats was 
not corrected when they were offered adequate postnatal 
nutrition.*** A severe protein deficiency during preg¬ 
nancy has also been shnw r n to decrease plasma thyroxine 
concentration, cause a 20 to 30% lower birth weight, 
and result in permanent stunting in newborn pigs. 1 Pro¬ 
tein restriction in prenatal or early postnatal life may 
result in long-term impairment of thyroid hormone syn¬ 
thesis or release. The importance of thyroid hormone 
for normal growth has been established in many species; 
however, the issues of hyporhyroidism are controversial 
in the horse. Inadequate protein in the marc’s diet during 
pregnancy may induce hypothyroidism in the fetus, 
which could persist following birth. Hypothyroidism in 
the fetus will cause delays in normal prenatal and postna¬ 
tal development. This may decrease birth weight and 
postnatal growth, resulting in permanent stunting. In ad¬ 
dition, there may be a delay in the ossification of the 
cartilaginous cuboidal bones of the carpus and tarsus. 83 
Ossification of these bones normally occurs between the 
last 6 to 8 weeks of gestation up to 33 days postgestarion. 
Delayed ossification of the cuboidal bones,’ ow*ing to 
prematurity or a dietary protein-deficiency* or iodine- 


deficiency-induced hypothyroidism, may result in severe 
angular limb deformities, especially carpal and tarsal val¬ 
gus,** These deformities may be present kt birth, but 
usually occur within the first few days of life, as weight 
bearing produces a “crush” or “collapse!’ syndrome. 
Premature birth is an important cause of cuboidal bone 
immaturity and resultant angular limb deformities.* 8 
Tarsal bone collapse has been reported in foals that are 
putatively hypothyroid. 81 '* 8 The administration of thy¬ 
roid hormone is controversial, but appeared beneficial 
in one case. 81 

A deficiency in protein intake during pregnancy suffi¬ 
cient to have a detrimental effect on the fetus or neonate 
generally also manifests as a poor body-condition score 
in the niare. The mare’s appearance would be similar to 
that which w-ould occur as a result of a dietary energy 
deficiency because of inadequate feed intake; however, 
a moderate dietary protein deficiency during lactation 
will usually decrease milk production without causing 
an observable effect on the mare. In one study, mares 
fed a diet containing 10.5% protein in the total ration 
dry matter, as compared to the 14% required, had de¬ 
creased milk production by an average of 2.8 lb (i.c., 1.3 
kg) per day during the first 3 months of lactation, even 
though the intake of energy-supplying nutrients and 
other nutrients w r as similar in both groups. 63 This re¬ 
sulted in 52 lb (23.6 kg) less gain and 1 inch (2.5 cm) 
less growth in height by the foals nursing the protein- 
deficient mares during this period. 63 

In contrast, excessive dietary protein intake during 
pregnancy and lactation anecdotally does not appear to 
have any detrimental or beneficial effect on the fetus or 
nursing foal. However, theoretically excessive amounts 
of protein may be metabolized so that excessive energy 
is available to the mare, which could be detrimental. If 
the protein is high in sulfur-containing amino acids, then 
a secondary calcium deficiency may be induced in the 
short term, 31 although horses appear able 
ro this.* 4 

Effects on the Nursing Foal 

If the foal is normal at birth and during the first w-eeks 
of life, yet musculoskeletal problems deve op before 3 
months of age, then five nutritional causes may exist: 1) 
inadequate milk intake, 2) excessive milk intake, 3) in 
lake of milk containing inappropriate amounts of min¬ 
erals, 4) early, incorrect introduction of high-energy 
creep feed, or 5) early, incorrect introduction of creep 
feed containing unsuitable amounts of minerals. It is dif¬ 
ficult to assess milk production of marcs, as udder size, 
udder development, and ability to strip milk from the 
teat are not necessarily reflective of the mart’s milk pro 
duction. 

Inadequate milk intake is most comm* 
inadequate milk production by the mare, 
more obvious than insidious poor milk production. Aga 
lactia commonly occurs secondary to the mare’s inges 
tion of endophyte-infested fescue grasses and hays, but 
sometimes may occur in maiden mares or mares that 
have been sick for another reason. Lactation greatly in¬ 
creases the mare’s requirements for the nutrients ex¬ 
creted in milk. If the intake of those nutrients by the 
mare is inadequate, the amount of milk produced will 


to acclimate 


y a result of 
Agalactia is 
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decrease. F.ven though some mares on a nutritionally- 
defidem diet will use nutrients from their body to pro¬ 
duce an adequate quantity of milk, the ability to do this 
is variable. Some mares receiving a deficient diet will 
maintain their own body weight and condition at the 
expense of milk production. Others, even on adequate 
diets, are just poor milk producers. A decrease in milk 
production, which can occur as a result of nearly any 
nutritional deficiency in the mare’s diet, decreases the 
amount of milk available to the nursing foal. Without 
adequate quantities of milk, the foal's diet may be defi¬ 
cient in a number of nutrients, including energy. Owing 
to its dietary energy deficiency, the foal will consume 
additional amounts of solid food. Unfortunately, the 
solid food consumed hv the foal frequently will not pro¬ 
vide the high levels of" nutrients needed. As a result, a 
number of nurritional deficiencies may occur depending 
on the type of feed ingested. Preventative measures 
should be taken to ensure that the mare is fed properly 
to produce enough milk so that, prior to two to three 
months of age, the foal needs to consume little solid food. 
If the mare fails to produce adequate milk, it is important 
to ensure that the foal is fed the correct amount and 
composition of milk replacer and/or solid creep feed. 

If the milk contains the proper concentrations of cal¬ 
cium and phosphorus and yet skeletal problems occur 
in the foal that is receiving little other than the mare’s 
milk, the mare may be producing more milk than the 
foal can tolerate or a copper deficiency may exist. The 
former may result in a loose, pasty stool, or possibly 
alterations in endochondral ossification. To correct this, 
the mare’s feed intake should be reduced to decrease the 
mare’s milk production, or if the foal is at least 2 months 
old, it should be weaned. 

If the mare appears to he producing an adequate 
amount of milk, but musculoskeletal problems occur in 
the foal that is less than 2 to 3 months of age and con¬ 
suming little other than mare’s milk, then the mineral 
composition of the milk (e.g., calcium, phosphorus, cop¬ 
per) should he determined (Hamar D, personal commu¬ 
nication, 1998, Diagnostic Laboratory, Colorado State 
University; Warren Analytical Laboratory, Greeley, 
CO). Occasionally a mare will produce adequate quan¬ 
tities of milk, but with improper amounts of calcium, 
phosphorus, or other nutrients. Mare’s milk should con¬ 
tain at least 80 to 1 20 mg/dL of calcium, 43 to 90 mg/ 
dL of phosphorus, and more calcium than phosphorus. 
Mare’s milk is low in copper, and copper levels do not 
increase despite supplementation of the mare. The typi¬ 
cal level is 2 to 5 ppm (mg/kg), being highest early in 
lactation . 59 This is less than the amount that the NRC** 
and many researchers currently recommend . 35,48 

If the mare's milk does not contain the proper concen¬ 
tration of nutrients, particularly calcium or phosphorus, 
ensure that there is an adequate amount of these nu¬ 
trients in the diet to meet the mare’s requirements and 
then recheck the milk. Recognize that milk composition 
will change with the stage of lactation. However, if it 
still docs not contain the proper concentrations of cal¬ 
cium and phosphorus, the foal should he w r eaned from 
the mare. If the foal is younger than five to six weeks of 
age, a marc’s milk replacer should he fed until the foal 
is consuming 2 to 3 lb (approximately 1 kg)/day of milk 
replacer pellets. Two milk replacers commonly used at 


the Colorado State University’s Veterinary Teaching 
Hospital are: Mare’s Match Milk Replacer (Land O' 
Likes, Fort Dodge, IA) and Foal-Lac (Borden Chemical 
Company, Norfolk, VA). If these or other reputable 
equine milk replacers are not available, wc prefer to use 
pasteurized goat’s milk. Occasionally people elect to use 
milk replacers that have been formulated for other spe¬ 
cies (e.g., goar milk replacer)—if this is your choice, as¬ 
certain that no antimicrobials are present in the formula¬ 
tion, as their presence can lead to considerable 
gastrointestinal upset in foals. After 5 to 8 weeks of age, 
the foal does not need milk and can he fed as a wean¬ 
ling . 59 


Mineral Imbalances 

Deficiencies or excesses of most of the minerals in the 
mare’s diet have not been demonstrated to have an effect 
on prenatal or postnatal foal development. Selenium, io¬ 
dine, and possibly manganese and copper are excep¬ 
tions." 3, 4 In contrast to a dietary energy or protein defi¬ 
ciency, dietary imbalances in iodine, manganese, and 
copper may have profound effects on the fetus or neo¬ 
nate without any observable effects on the dam. How¬ 
ever, selenium deficiency or selenium toxicity may also 
have profound effects on the dam (see the section on 
selenium in this chapter). 


Manganese Deficiency 

A naturally occurring manganese deficiency has not 
been reported in the horse. Manganese deficiency is de¬ 
scribed here because of its effects on the skeletal systems 
of ruminants, swine, and poultry, and the similarity of 
some of these signs to those seen in horses for which the 
cause frequently is unidentified. A manganese deficiency 
in ruminants, swine, and poultry may cause any of the 
following: 1 ) sterility, 2) decreased libido, 3) delayed es- 
trus, 4) decreased conception, 5) poor growth, 6 ) abor¬ 
tion or stillbirths. 7) the birth of weak neonates, and 8 ) 
the birth of neonates that may show r incoordination or 
limb deformities (e.g., enlarged joints; knuckled pas¬ 
terns; twisted forelimbs; and weak, shortened bones re¬ 
sulting in lameness, stiffness, joint pain, and a reluctance 
to move )." 1 

Although the manganese requirement for the horse is 
unknown, 40 ppm in the total dry matter (DM) ration 
is considered adequate for all horses/’ Most roughage 
contains more than this amount, but most cereal grains, 
excluding oats, do not / 9 Trace mineralized salt generally 
contains 0.28% (2800 ppm) manganese. One ounce (i.e., 
approximately 28 g) of trace mineralized salt, or 250 
mg of M 11 SO 4 , ingested daily will add about 80 mg of 
manganese to the diet, which is approximately equiva¬ 
lent to adding 8 ppm (i.e., 8 mg of manganese per kg of 
dry matter feed) to the diet. 

A manganese concentration of less than 0.02 ppm in 
plasma or blood, 6 ppm in liver dry matter, or 4.5 ppm 
in kidney dry martcr is indicative of a manganese defi¬ 
ciency in ruminants . 111 Although excessive manganese 
intake is known to be toxic to other animals, toxicity 
levels are not knowm in the horse. The NRC * 7 suggests 
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the maximum tolerable level of manganese for horses is 
1000 ppm. Manganese toxicity does not appear to occur 
naturally, even with the ingestion of large amounts over 
a long period of time. 


Selenium 

Borh selenium deficiency and toxicity may occur in 
horses under natural feeding regimens. Since selenium 
toxicity most commonly affects the mature horse rather 
than the foal, it is discussed under the section, In the 
Mature Horse for Maintenance or Work. However, ex¬ 
cessive selenium ingestion by the mare during pregnancy 
may result in hoof deformities in the foal at birth. 41 **' 


Selenium Deficiency 

Conversely, selenium deficiency may become clini¬ 
cally apparent in foals at I to 60 days of age, bur may 
occur up to 12 months of age and rarely affects mature 
horses. 1 ~ 1,21 The condition is usually termed “nutritional 
muscular dystrophy” or “white muscle disease." Most 
of the areas around the Great t.akcs and the eastern and 
northwestern United States and much of Canada are low 
in selenium (Fig. 5.1). Forage and grain grown in these 
areas may contain less than 0.1 ppm of selenium. Con¬ 
sumption of such feeds for prolonged periods of time 
may result in a deficiency. Although maps of soil mineral 
composition are an excellent source of information, 
some mineral levels (e.g., selenium) may vary consider¬ 
ably within a small region. Therefore soil testing is essen¬ 
tial if unexpected problems arise on a property, espe¬ 
cially if clinical signs are seen in a number of animals. 
The NRC 6 " recommends that horses require 0.1 ppm 
(mg/kg) of selenium in total rations on a dry matter basis, 
although 0.2 ppm is preferred by one of the authors. 5 
The maximum tolerance level for selenium in the horse 
is currently 2 ppm. 67,59 



Figure 5.1 Selenium content of forages and grams by regional 
distribution in the United States ■ Low, La.. approximately 80% of 
all forage and grain contains less than 0 05 ppm. 0 Variable, i.e., 
approximately 50% of all forage and grain contains more man 01 
ppm. Q Adequate, i,e„ 80% of all forage and grain contains more 
than 0.1 ppm. • Local areas where selenium accumulator plants 
contain more man 50 ppm (Adapted from Kubota J. Alfa way WH, 
J Dairy Set 1975:58(10):1583.) 


Selenium deficiency in the neonate occurs as a result 
of inadequate selenium intake by the dam during preg¬ 
nancy or lactation. Mild deficiencies may decrease the 
foal’s immune response to infectious diseases and de¬ 
crease growth rate. 1114 Severe selenium deficiencies cause 
muscle damage, resulting in stiffness, muscle pain, list- 
lessness, and an increased release and plasma concentra¬ 
tion of muscle enzymes (i.e., AST, CK, and LDH). In 
severe cases, myoglobin that is lost from damaged mus¬ 
cles is excreted in the urine (i.e., myoglobinuria), giving it 
a coffee-colored appearance. It is important to recognize 
that myoglobinuria may occur in all cases of selenium 
deficiency and in equine rhabdomyolysis syndrome 
(ERS) (sec the section on F.RS in this chapter), as this can 
potentially affect the kidneys and induce renal damage 
through prostaglandin-mediated injury. Both the skele¬ 
tal and myocardial muscles may be involved. Young 
foals exhibit severe myocardial, diaphragmatic, and 
respiratory muscle involvement. These foals develop 
heart failure, respiratory distress, and pulmonary edema 
and frequently die within a few hours to days after the 
onset of clinical symptoms. Older foals may become re¬ 
cumbent, with tachycardia, tachypnea, and excess sali¬ 
vation. Muscular exertion may initiate the onset of 
symptoms. Another syndrome recognized in foals with 
selenium deficiency is dysphagia. Foals may present be¬ 
cause milk has been noticed running from the nares after 
nursing. In these cases, no cleft palate will be found, and 
the foal’s pharynx will appear endoscopically normal. 

Lesions that may be observed on necropsy include 
pulmonary edema, a yellowish-brown discoloration of 
fat, and pallor and ischemic necrosis of the muscles. Pal¬ 
lor and necrosis are particularly noticeable on the mus¬ 
cles of the hindlimbs and neck, giving them a white ap¬ 
pearance. Consequently, the condition is often called 
"white muscle disease.” Histologically, there is wide¬ 
spread tissue lipoperoxidation, leading to hyaline degen¬ 
eration and calcification of muscle fibers." 

Although much less common, a selenium deficiency 
in the mature horse may affect the muscles of mastication 
and/or rhose of the limbs, resulting in a stiff gait. 72,121 
It has also been implicated in the equine rhabdomyositis 
syndrome (ERS) seen after strenuous exercise. 

Selenium deficiencies may be treated or prevented in 
horses in scicnium-dcficienr areas by 1) allowing free ac¬ 
cess to trace mineralized salt containing 30 ppm of selen¬ 
ium (with the expected daily consumption of trace min¬ 
eralized salt being approximately 33 g, the horse ingests 
1 mg of selenium), 2) feeding a total ration containing 
0.1 to 0.5 ppm of selenium in its dry matter content, or 3) 
administering a selenium injection (e.g., E-SE, Schering- 
Plough Corp., Madison, NJ) intramuscularly as directed 
by the manufacturer. This product contains selenium (as 
sodium selenite) equivalent to 2.5 mg/mL and 50 mg (68 
IU) of vitamin E, It should be remembered that vitamin 
E-selenium products have been associated with anaphy¬ 
lactic reactions in horses. 

Even though clinical signs of selenium deficiency do 
not occur unless the ration contains less than 0.08 to 
0.1 ppm, a ration containing levels of 0.5 ppm may be 
necessary to maintain optimal plasma selenium concen¬ 
trations.' 04 Amounts greater than this should not be 
added to the ration. Greater than 2 ppm in the ration is 
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toxic,' h and rations containing greater than 5 ppm are 
extremely detrimental to equine health. 

In addition to feeding a selenium-containing salt or 
adding selenium to the pregnant marc’s ration, the mare 
should he given a single selenium injection 3 weeks to 3 
months prior to foaling, as a preventative to selenium 
deficiency in the foal. Selenium injections early in preg¬ 
nancy may be teratogenic in sows. 11 Although this has 
not been observed in mares, selenium injections should 
be avoided in early pregnancy. Selenium supplementa¬ 
tion to the lactating mare will increase milk selenium 
concentration and result in elevation of the nursing foal’s 
plasma selenium concentration . 6 In areas in which sele¬ 
nium deficiency has occurred in foals, a selenium injec¬ 
tion also may be given shortly after birth and every' 2 to 
3 months during the first 6 months of life. 


Iodine Imbalances 

lodi/cd and trace mineralized salts generally contain 
70 ppm of iodine. Ingestion of 0.5 oz (i.e., approximately 

14 to 15 g) daily of these salts provides all of the iodine 
needed by the horse (1 mg/horse per day*"* 6 *). An iodine 
deficiency will not occur if these products arc available 
for the horse to consume (and it actually ingests it) or if 

15 g is added to the horse's ration daily. 

An iodine toxicity is more common than a deficiency. 
Five ppm of iodine in the horse's total ration dry matter, 
or greater than 40 mg of iodine intake per horse daily, 
will cause toxicity. Seaweed and some seaweed- or 
kelp-containing products may contain high levels of io¬ 
dine. ■*’*■*’*' Iodine is also present in many commercial 
supplements, which, if fed in amounts greater than those 
recommended by the manufacturer, may cause toxicity. 
Other causes of iodine toxicity' include 1) feeding the 
horse several iodine-containing products that will have 
a cumulative effect (unfortunately, horse owners often 
do not look at the ingredients on supplements, and ingre¬ 
dients frequently overlap), 2) adding greater than 7% 
iodized or trace-mineraliz.ed salts to the ration, and 3) 
ingestion of excessive amounts of organic iodine such 
as ethylenedianiinedihydroiodide (KDDI). Even though 
EDDI is not commonly added to the horse’s ration, it is 
frequently added to cattle and sheep rations to treat and 
prevent foot rot, respiratory disease, and “woody 
tongue" and “lumpy jaw” (i.e., actinohacillosis or acti- 
nomycosis, respectively). If horses are fed this ration, 
iodine toxicity occasionally may ensue, the signs of 
which include excessive lacrimation, scurf mg of the skin, 
and loss of appetite. Ingestion of greater than 0.5 nig of 
KDDI per kg body weight per day is not generally harm¬ 
ful for short periods of time (I to 2 weeks), but levels 
substantially below this may be detrimental if they are 
fed over a prolonged period. 

Iodine toxicity not only increases susceptibility to in¬ 
fectious diseases, but it apparently decreases the response 
to treatment of these diseases. A reduction in antibody 
formation, lymphocyte mitosis, phagocytosis, and cdl- 
mediated immunity' occurs. 4 Since iodine is actively 
transported across the placenta and through nursing, ex¬ 
cessive iodine intake by the mare during either pregnancy 
or lactation may result in thyroid gland hypertrophy 
(goiter) in the fetus or nursing foal. 


Excesses or deficiencies of iodine intake may result in 
hypothyroidism, although in general clinical hypothy¬ 
roidism is a controversial disorder in horses. Excess io¬ 
dine inhibits the rate of iodide trapping and diminishes 
endocytosis of colloid from the thyroid gland follicles. 
Hence release of thyroid hormones from the colloid does 
not occur, thus resulting in hypothyroidism and a hypo¬ 
plastic thyroid gland. Goiter has also been described in 
foals born to niares that have been excessively supple¬ 
mented with iodine. With iodine deficiency there is an 
insufficient amount of iodine available for the synthesis 
of an adequate amount of the iodine-containing thyroid 
hormones, but excessive thyroglobulin (i.e., colloid) is 
manufactured because of excessive levels of thyroid stim¬ 
ulating hormone (TSH); consequently, both hypothy¬ 
roidism and goiter may follow. 

Hypothyroid foals from iodine deficiency or toxicity 
will be weak at birth, and generally die within the first 
few days of life if the iodine deficiency or excess contin¬ 
ues following birth. Additionally, hypothyroidism is 
thought to alter ossification of the cuboidal bones of the 
carpus or tarsus, resulting in angular limb deformity; 
however, there is little documentation regarding iodine 
as a cause. This condition may be present at birth or 
develop in the first few' days of life, as weight bearing 
increases the forces on these underdeveloped bones. 

Hypomagnesemic and Hypocalcemic Tetany 

Although relatively uncommon, tetany because of a 
fall in plasma calcium (Ca) and/or magnesium (Mg) con¬ 
centration may occur in any horse. However, it occurs 
most commonly during lactation because of the addi¬ 
tional, substantial amounts of calcium and lesser 
amounts of magnesium lost into the milk. When tetany 
results from hypomagnesemia, the condition is referred 
to as grass tetany. Tetany as a result of hypocalcemia is 
called lactation, stress, or transir tetany. Both hypocal¬ 
cemia and hypomagnesemia result in muscle fascicula- 
tions, tachycardia, a stiff stilted gait, and reluctance to 
move. If severe, either condition may lead to recumbency 
and death, generally within a few hours after the onset 
of symptoms. Hypocalcemia is diagnosed infrequently 
in horses, and hypomagnesemia is a very uncommon di¬ 
agnosis in horses. Other differential diagnoses to con¬ 
sider when a decreased calcium level is measured on 
equine plasma include I) cantharidin toxicity (i.e., blister 
beetle intoxication secondary to a horse's ingestion of 
contaminated alfalfa hay; this will probably increase in 
prevalence in areas in the United States not previously 
affected, because of increased movement of hays around 
the country), 2) pancreatitis (w-hich is rarely diagnosed 
antemortem in horses), and 3) acute renal failure. One 
must also remember that if the total calcium, rather than 
the ionized calcium fraction, is measured, then it must be 
corrected for the albumin status. To obtain the corrected 
calcium level in a hypoalbuminemic horse (e.g., a horse 
with diarrhea causing a protein-losing enteropathy), the 
measured albumin value should be subtracted from the 
mean albumin value (c.g., 3.35 g/dl. is often used in 
horses), and the difference added back to the measured 
calcium concentration. 

Hypocalcemia may occur in lactating mares as a result 
of calcium loss into the milk. T he chances of this occur- 
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ring art* increased if the marc is on a calcium'deficient 
ration and is subjected to prolonged stress, such as in¬ 
clement weather, disease, trauma, strenuous physical ex¬ 
ertion, or transportation. This condition is prevented by 
ensuring that the ration meets or exceeds the lactating 
marc’s calcium requirements of 0.5% in the total ration 
dry matter (i.c., approximately 50 g/day in a 450-kg 
[1000-lb] lactating mare) and by preventing prolonged 
stress. If a grass roughage is being consumed, an addi¬ 
tional 60 to 90 g of limestone (CaCO^) daily is generally 
needed. If a legume roughage such as alfalfa is being 
consumed, no additional calcium is generally needed in 
the ration. 

Hypocalcemic tetany is treated by administering a cal¬ 
cium-containing solution intravenously (c.g., 23% cal¬ 
cium gluconate). The safest method is to base the deci¬ 
sion to treat on a corrected or ionized calcium plasma 
concentration. In rare cases in which it is elecred to ad¬ 
minister a bolus of calcium or calcium/magnesium (e.g., 
in cases in which hypomagncsemic tetany is suspected) 
solution, the solution should be given slowly while a us¬ 
ed ting the heart. An increase in the amplitude of heart 
sounds and a decrease in heart rate indicate a favorable 
response. If arrhythmias or an increased heart rate oc¬ 
curs, solution administration should be stopped immedi 
atcly, or heart block and death may occur. The safest 
way to treat hypocalcemia in horses is to place an intra¬ 
venous jugular catheter and place 100 to 350 mL of 23% 
calcium gluconate solution into each of four 5-liter bags 
of isotonic fluids (e.g., Plasmalyte; Baxter, Overland 
Park, KS) for a total of 400 to 1400 mL of 23% calcium 
gluconate in 20 liters of isotonic fluid to make a hyper¬ 
tonic solution. These should be administered intrave¬ 
nously continuously over 5 to 6 hours. The plasma cal¬ 
cium, magnesium, and electrolytes should be rechecked. 
Even if the corrected calcium level is within the normal 
range, calcium-containing fluids may be safely main¬ 
tained at a slow infusion rate for the next 24 hours (e.g., 
80 to 100 mL of 23% calcium gluconate per 5-liter bag 
at an administration rate of approximately 1 to 3 liters/ 
hour, IV). The horse should be encouraged to eat a ration 
of alfalfa hay (which is high in calcium) or one should 
ensure that an increased calcium supplement is provided. 

Vitamin Deficiencies 

Rarely is a vitamin deficiency recognized as the cause 
of musculoskeletal disease in the horse. Vitamin A defi¬ 
ciency is the vitamin imbalance most likely to occur. Vi¬ 
tamin A, like all of the fat-soluble vitamins (A, D, E, and 
K), is poorly transported across the placenta. As a result, 
regardless of the amount available to the marc, the foal 
is deficient in these vitamins at birth. The colostrum, 
however, contains adequate quantities of vitamins A and 
D to correct this deficiency and meet the foal’s daily re¬ 
quirements. However, this is dependent on the foal re¬ 
ceiving adequate quantities of colostrum, and the mare 
having ample quantities of these vitamins available to 
secrete into the colostrum. Bone remodeling is modu¬ 
lated by vitamin A in growing animals; * 7 however, re¬ 
search in horses is minimal. Signs of vitamin A deficiency 
that may occur are not restricted to the musculoskeletal 
system, and night blindness (which is difficult to assess 


in the horse), hyperkeratinizacion of the cornea and skin, 
poor growth, anorexia, weakness, increased rate of in¬ 
fections, reproductive disorders, and neurologic disease 
have been associated with hypovitaminosis A. To diag¬ 
nose a vitamin A deficiency, plasma or hepatic (i.e., after 
hepatic biopsy) levels should be measured. 2 ' Owing to 
the paucity of equine data, only estimates have been 
made of vitamin A requirements in the horse by the 
NRC. 67 Currently, 2,000 to 3,000 1U vitamin A per kg 
dry matter is recommended with an upper tolerance limit 
of 16,000 lU/kg dry matter fed. 6 

Although vitamin D is included in most preparations 
containing vitamin A, it is not necessary to give vitamin 
D if the foal receives colostrum or milk or has access 
to 3 to 4 hours or more of sunlight daily. A substance 
produced in the body, 7-dehydrocholesterol, is con¬ 
verted by rhe sun’s ultraviolet rays to previtamin D* 
(cholecalciferol). Conversion will even occur during 
cloudy overcast days, but not when sunlight shines 
through a glass windowpanc. The glass filters out the 
ultraviolet rays. Cholecalciferol and related ingested 
forms of vitamin D are converted in the liver to 25-hy- 
droxycholccaIciferol, which is converted to the active 
form of vitamin D (1,25-dihydrocholecalcifcrol) in the 
kidney. Consequently, in renal failure the active form of 
vitamin D is not formed, and little of vitamin D’s biologic 
effect occurs. Growing ponies that were deprived of both 
sunlight and a dietary source of vitamin D showed clini¬ 
cal signs of inappetance and decreased average daily 
gain, as well as decreased ash conrent, density, cross- 
sectional area, and breaking strength of the third meta¬ 
carpal bones. 6 

Dietary supplementation of vitamin D is not necessary 
in horses having access to direct sunlight (even if cloudy) 
and to green or sun-cured forages. However, if excessive 
vitamin D is ingested because of supplementation, accu¬ 
mulation occurs as a result of its fat solubility, and may 
cause renal failure, cardiovascular compromise, and 
musculoskeletal alterations (predominantly because of 
calcification of the kidneys, cardiac musculature, and 
great vessels, and tendons and ligaments). Musculoskele¬ 
tal problems in horses of various age groups secondary 
to tne administration of excessive quantities of vitamin 
A and D, are discussed later in this chapter. 

Bacteria in the large intestine produce vitamin K. Like 
other fat-soluble vitamins, little crosses the placenta. 
However, soon after birth these bacteria colonize the 
foal’s large intestine and produce ample quantities of 
vitamin k to meet the foal’s requirements. Therefore de¬ 
ficiencies of vitamin K, other than those induced by vita¬ 
min K antagonists (rodcnticidcs) have not been docu¬ 
mented in the horse. 

Vitamin F. deficiency is discussed both previously and 
later in this chapter. 

All B vitamins are produced by bacteria in the horse’s 
intestinal tract, and are present in natural feeds in ample 
amounts to meet the horse's needs, unless there is inter¬ 
ference with production or utilization. 

Ample quantities of vitamin C are produced in the 
liver, and it is consequently not needed in the diet. The 
fetus and foal receive ample quantities of water-soluble 
vitamins B and C in utero, from the milk, from their own 
body, and from bacterial intestinal tract production. Vi¬ 
tamin C supplementation is used by some to enhance 
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immunity, although its benefits for this or any other pur¬ 
pose have not been documented tn the horse. 

IN THE GROWING HORSE 

The major nutritional imbalances that play a role in 
the development of musculoskeletal diseases tn the grow¬ 
ing horse are an excess of DE* and a deficiency of cop- 
pcT.M«..s.i £ xcess i Ve phosphorus caused development of 
osteochondrosis in foals; however, the level of phospho¬ 
rus was not practically attainable**’ 4 and is unlikcK to 
occur in horses in the United States, Europe, Australia, 
or New Zealand. Other important factors may include 
a deficiency of digestible energy, a relative deficiency of 
calcium in comparison to phosphorus intake, a defi¬ 
ciency of calcium, an excess of calcium.' an excess of 
zinc and/or cadmium, and an excess or deficiency of vita¬ 
mins D and A. The major effect of these nutritional im¬ 
balances is interference with endochondral ossifica¬ 
tion. 70 * 109 

Defects in endochondral ossification may result in 1) 
metaphyseal enlargement (i.e., nhysitis, physeal dyspla¬ 
sia), 2) osteochondrosis, 49, 0,109 3) cervical vertebral 
malformation {“wobbler syndrome”), 9 4) cuboidal 
bone collapse, and 5) angular limb deformity (c.g., val¬ 
gus or varus deformities). 

Acquired flexural deformities (contracted flexor ten¬ 
dons) may sometimes be included in the category of de¬ 
velopmental orthopedic disease (DOD), 1 ' although 
pathogenesis of these deformities appears to have little 
in common with defects in endochondral ossification. 

Causes off Alterations in Endochondral 
Ossification 

The major factors predisposing the growing animal 
to alterations in endochondral ossificarion are: I) nutri¬ 
tional imbalances, 2) trauma to the metaphyseal growth 
plate or articular cartilage, and 3) genetic predisposition. 

These three factors are interrelated, and mere are 
many additional factors that affect each one. A combina¬ 
tion of two or more of these factors may increase the 
incidence and severity of these conditions, although any 
one of them may be responsible. For example, if a grow¬ 
ing animal is forced to bear an excessive amount of 
weight on a limb as a result of pain in the contralateral 
limb, the increased weight hearing may cause alterations 
in endochondral ossificarion and result in an angular 
limb deformity, 29 ,14 or may cause contracted tendons 
in the same painful limb. Conversely, nutritional imbal¬ 
ances may result in alterations in endochondral ossifi¬ 
cation regardless of the amount of trauma to the meta¬ 
physeal growth plate or articular cartilage,Superimpo¬ 
sition of one on the other may worsen rhe condition. 

Nutritional Imbalances 

Nutritional imbalances that may predispose the grow¬ 
ing animal to alterations in endochondral ossification 
include: energy and phosphorus excesses; calcium, phos¬ 
phorus, and copper deficiencies; or any combination of 
these nutritional imbalances. 


Energy 

Excessive dietary energy from an intake of large 
amounts of grain/concentrate is one of the major factors 
responsible for alterations in endochondral ossification. 
However, it is possible that defective endochondral ossi¬ 
ficarion frequently attributed to excessive energy intake 
may be caused by inadequate levels of phosphorus, cal¬ 
cium, copper, or other minerals in the ration to support 
the rate or skeletal development permitted by the amount 
of energy and protein consumed. A lesser amount of en¬ 
ergy or protein in the ration may simply mask the defi¬ 
ciency by slowing the growth rate. Thus, ro prevent alter¬ 
ations in bone development, the ration must provide the 
nutrients necessary to support the rate of growth occur¬ 
ring. To accomplish this the growing horse should be 
properly fed. S9 * 7 

In several species, including the horse, excessive en¬ 
ergy intake during growth has been shown to decrease 
bone specific gravity, cortical thickness, and ash content 
and result in osteochondrosis. M,40 * 50 * # * I,K7,91 To prevent 
excessive energy-intake-induccd alterations in endo¬ 
chondral ossification, it is recommended that the total 
concentrate intake be limited to 0,5 to 0.75 lb/1 DO lb 
body weight per day (i.e., 0.5 to 0.75 kg/100 kg per day) 
for nursing foals, 1.0 to 1.5 lb/100 lb body weight per 
day (i.e., 1.0 to 1.5 kg/100 kg per day) for weanlings, 
and 0,5 to 1,0 lb/100 lb body weight per day (i.e., 0.5 to 
1.0 kg/100 kg per day) for yearlings. A good rule of 
thumb is to feed a maximum of 1 lb (i.e., 0.45 kg) of 
concentrate per day for each month of age up to a maxi¬ 
mum of 7 tb (i.e., 3.2 kg) daily. 

Extrapolation of work in dogs and pigs initially iden¬ 
tified overnutfition or the feeding of specifically exces¬ 
sive digestible energy as a predisposing cause of osteo¬ 
chondrosis in the horse. Then Glade and others 12 fed 
young horses approximately 130% of the NRC recom¬ 
mendations for both digestible energy (using a predomi¬ 
nantly carbohydrate source) and protein, and this ap¬ 
peared to induce lesions of both osteochondrosis and 
physitis. It was postulated that the cartilaginous lesions 
of horses fed excessive carbohydrate were mediated by 
endocrinologic alterations. Thyroxine is required for the 
maturation of chondrocytes and possibly for collagen 
and proteoglycan synthesis. Horses fed high carbohy¬ 
drate diets could theoretically become temporarily hypo- 
thyroxemic in the postprandial period because of insu¬ 
lin’s effect causing a rapid inactivation of thyroxine (T 4 ) 
and triiodothyronine (Tj). This could subsequently lead 
to adverse effects on the cartilage. However, if this were 
the only cause, then it would be expected that young 
horses fed high amounts of lipid (i.e., far/oil) might be 
protected, and this is not the case.** 7 Lipid diets do not 
induce the hypochyroxemia secondary to insulin altera¬ 
tions that carbohydrate feeding instigates. 

Savage et al/ demonstrated that diets with approxi¬ 
mately 128% NRC digestible energy recommendations, 
composed of both carbohydrate and corn oil compo¬ 
nents, were instrumental in the induction of osteochon¬ 
drosis. Control foals in these experiments were fed a diet 
based on 100% of NRC requirements for weanlings 
growing at an average daily gain (ADG) of 0.65 to 0.85 
kg/day. Only I of 12 control weanlings had a single os¬ 
teochondrosis lesion, whereas all foals (18 of 18) fed 
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excessive digestible energy had histologic lesions of os¬ 
teochondrosis. Most (1 ^ of 18) of these foals also had 
macroscopic lesions of osteochondrosis evident at au¬ 
topsy. One theory is that feeding excessive digestible en¬ 
ergy, either carbohydrate or fat/oil, may cause endocri- 
nologic alterations especially of the local cartilaginous 
growth factors. There may also be selective activation 
of genes, causing a specific alteration in cartilage matrix 
phenotype. Another passible reason that foals fed exces¬ 
sive digestible energy may develop osteochondrosis is 
that copper absorption may be decreased or, when exces¬ 
sive fat is fed, the calcium absorption may be decreased, 
inducing a relative phosphorus excess. 

Protein 

Although alterations in endochondral ossification 
occur most commonly in the overfed horse, it may occur 
in the underfed horse as well. This may occur as a result 
of inadequate protein in the ration. Since protein consti¬ 
tutes 20% of tne bone matrix, 4 ' inadequate dietary pro¬ 
tein may interfere with proper hone growth and develop¬ 
ment. However, inadequate protein intake sufficient to 
interfere with endochondral ossification usually results 
in an extremely poor condition in the horse. 

Feeding protein in excess of the animal's requirement 
docs not increase the growth rate above that achieved 
when requirements are just met. 121 Feeding less protein 
than needed, however, decreases the growth rate. There¬ 
fore, increasing the protein content of a protein-deficient 
but energy-sutficicnt ration results in a faster growth 
rate. If the ration does not contain adequate minerals, 
such as calcium and phosphorus, to support a faster rate 
of growth, alterations in bone development may occur. 
This is the most likely explanation of the implications 
frequently made (but never confirmed) that excessive 
protein intake predisposes to or causes alterations in en¬ 
dochondral ossificarion. In fact researchers found no sig¬ 
nificant lesions of osteochondrosis in six foals fed ex¬ 
cessive protein. s However, theories existed that the 
hypercalciuric effect of excessive protein caused dimin¬ 
ished calcium and thus problems with endochondral os¬ 
sification. Excessive protein intake may increase urinary 
calcium excretion, because if the protein consists of 
amino acids with an excessive proportion of sulfur- 
containing amino acids (e.g., methionine), then there 
may be a subsequent overload of the renal buffering ca¬ 
pacity of sulfuric acid. The subsequent urofiltrate is 
therefore likely to be acidic, which may be responsible 
for inhibition of calcium and phosphorus reabsorption, 
consequently producing hypcrcalciuria and hyperphos- 
phouria. 11 These results were unconfirmable when foals 
were fed various levels of protein; it was postulated that 
horses could acclimate to chronic excessive dietary pro¬ 
tein, so that the inhibition of mineral reabsorption and 
subsequent loss of calcium and phosphorus into the urine 
is diminished.'' * It is recommended that the protein con¬ 
tent of the growing horse’s ration meet and not exceed 
by more than 2% its protein requirements (e.g., if 16% 
is required, it should not exceed 18%), which in the total 
ration dry matter is 18% for nursing foals, 16% for 
weanlings, 13% for yearlings, and 10% for 2-year- 
olds.** Feeding excessive protein is expensive and ap¬ 
pears wasteful. 


Calcium and Phosphorus 

Adequate amounts of calcium and phosphorus must 
be available for the endochondral ossification of the car¬ 
tilage. The diet must not only contain adequate amounts 
of calcium and phosphorus, but the animal must be able 
to absorb and utilize these nutrients. Phosphorus, bound 
to an organic substance such as phvtatc, is less available 
than phosphorus present in inorganic forms.* 2,10 Cereal 
grains arc high in phytatc and their content increases 
with maturity'. 17 Thus, the phosphorus present in cereal 
grains, wheat bran, and other concentrates is less avail¬ 
able than the phosphorus present in roughages and min¬ 
erals. The true digestibility of phosphorus present in 
most concentrates is 29 to 32%, in roughage it is 44 to 
46%, and in inorganic minerals it is 58%. 97 

Calcium and phosphorus requirements for the horse 
assume that 55% of the calcium and 35% of the phos¬ 
phorus will be absorbed."'' Since the digestibility of cal¬ 
cium and phosphorus in the horse's total ration is gener¬ 
ally higher than this, digestibility does not usually need 
to be considered in ensuring that the horse receives ade¬ 
quate amounts of calcium and phosphorus. However, 
several factors may decrease the efficiency of absorption. 

Excess ingested phosphorus and oxalates bind cations 
such as calcium, decreasing their absorption. 17,92,97 
Thus, even if adequate calcium is present in the ration, 
it is not absorbed, and a calcium deficiency may occur. 
The effect of excess dietary phosphorus is more impor¬ 
tant when the calcium content or the diet is low. In one 
study with 2-year old ponies, net deposits of skeletal 
calcium decreased by more than 50% in ponies fed a 
diet that just met their calcium requirements (0.4%) but 
contained excessive phosphorus (1.2%), as compared to 
another group of ponies fed a diet that contained the 
minimum amount of both calcium and phosphorus 
needed to meet requirements (0.4% calcium and 0.2% 
phosphorus). 91 

Excessive calcium m the diet has little effect on phos¬ 
phorus absorption. 92,97 This is because calcium is ab¬ 
sorbed primarily from the small intestine whereas phos¬ 
phorus is absorbed from both the small and large 
intestines. Phosphorus ingested in excess competes with 
the calcium, preventing its absorption from the small 
intestine. However, since much of the excess calcium in¬ 
gested is absorbed from the small intestine and excreted 
in the urine, it is not available to decrease phosphorus 
absorption from the large intestine. Thus, excessive di¬ 
etary calcium is much less detrimental than excessive 
phosphorus. Schryvcr et al. 91 demonstrated that high 
calcium diets had little effect on the rate of calcium depo¬ 
sition in the skeletal ash. If quantities of both calcium 
and phosphorus in the ration arc adequate to meet the 
animal's requirements, the amount of calcium with re¬ 
spect to phosphorus, or Ca:P ratio, in the ration of the 
mature horse can vary from 1:1 to 8:1, and in the grow¬ 
ing horse from 1.1:1 to 4:1, without resulting in major 
problems.** However, as there may be substantial varia¬ 
tion in the calcium and phosphorus content of feeds, a 
ratio of less than 1.2:1 is not recommended for any 
horse, and for the mature horse, a ratio of greater than 
4:1 is not recommended. The calcium to phosphorus 
ratio favored by the authors is 1.3 to 1.5:1. If the amount 
of dietary calcium or phosphorus is insufficient to meet 
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the growing horse’s requirements, or if the amount of 
one mineral with respect to the other is outside of these 
ratios, alterations in endochondral ossification may 
occur. 

Excessive dietary calcium can decrease the intestinal 
absorption of a number of trace minerals, such as zinc, 
manganese, and iron, and may cause a deficiency if the 
ration contains only marginal amounts of these minerals. 
This can occur from adding excessive amounts of cal¬ 
cium-containing minerals to the ration. Therefore, it is 
recommended that no more than 1 % calcium from cal- 
cium-containing minerals be added to the horse’s total 
dry ration. Excessive zinc, manganese, iron, and other 
minerals decrease calcium and phosphorus absorption 
as well. 

In the 1980s it was postulated that foals could be fed 
excess DE safely if combined with excessive calcium, but 
this was later proven to be unfounded. 1 '* Krook and 
Maylin <7 proposed that diets excessive in calcium (i.e., 
alfalfa-based or highly supplemented rations), as are 
commonly found in the United States, were responsible 
for the induction of osteochondrosis and secondary frac¬ 
tures, through the initiation of h y pcrca Id ton in ism. This 
was believed to cause disturbances of chondrocytic mat¬ 
uration, disturbances in cartilage’s replacement by bone, 
and finally osteosclerosis, which may have increased the 
likelihood of pathologic fracture. Thyroid parafollicular 
cell (C cell) hyperplasia has been documented in dogs 
fed excess calcium and also in fetal lambs whose dams 
had been fed excess calcium. * These researchers also 
showed that there was retarded cartilage differentiation 
in these fetal lambs, yet studies in foals fed excess calcium 
(i.e., 342% of the recommended NRC level for calcium) 
did not show significant numbers or severity of cartilage 
lesions. XK Two of six foals fed high calcium in this study 
had histologic lesions of either the articular-epiphyseal 
cartilage complex or metaphyseal growth plates. One of 
these had only minor histologic metaphyseal growth 
place lesions, which were observed at necropsy. The 
other foal had bilateral lesions of the distal third metatar¬ 
sal bones, which were also documented on macroscopic 

► * vu 

examination at necropsy. 

Knight ct al.' reported that farms feeding rations 
with the lowest calcium levels (as well as other nutri¬ 
tional aberrations) had the largest percentage of young 
horses with DOD. They recommended that growing 
horses be fed higher levels of calcium and phosphorus 
than recommended by NRC at that time. Diets contain¬ 
ing excessive phosphorus or a low calcium to phospho¬ 
rus ratio have been incriminated as a cause of DOD. A 
ratio of 1.3 to 1.5:1 is considered adequate and reasona¬ 
ble. five of six weanling foals fed extremely high phos¬ 
phorus levels (i.e., 388 of the NRC requirement for 
phosphorus) showed numerous severe lesions of osteo¬ 
chondrosis, yet no clinical signs of nutritional secondary 
hyperparathyroidism. Histomorphomctrical studies of 
these foals revealed a significantly increased cortical 
bone porosity from wing of ilium bone biopsies, which 
supported the existence of suhcltmcal nutritional second¬ 
ary hyperparathyroidism. It is not clear what the initiat¬ 
ing cause of the osteochondrosis was in these foals, but 
it is possible that the high concentration of phosphorus 
interfered with matrix vesicle function, and thus endo¬ 
chondral ossification, or that calcium absorption was 


diminished. Osteochondrosis lesions in foals fed exces¬ 
sive phosphorus were severe, despite a diminished aver¬ 
age daily weight gain (kg body weight per day) caused 
by diminished dietary intake related to an apparently 
unpalatable diet. This further strengthens the proposal 
that average daily weight gain is not solely responsible 
for disturbance of endochondral ossification m growth 
cartilages. 

It is also possible that diets with excess phosphorus 
result in acidosis because of an excess of phosphate an¬ 
ions, w'hich along with the chloride ions are normally 
buffered by cations (i.e., Ca 2 * and Mg 2 f ). If the buffer¬ 
ing capacity of the cations is surpassed, then acidemia 
may result. Acidemia may result in faulty bone mineral¬ 
ization since alkalinity promotes calcification, which is 
normally present in the hypertrophic zone as a result of 
the presence of carbonic anhydrasc. This is supported by 
the increased incidence of ribial dyschondroplasia seen 
in broiler chickens fed excess phosphate and chloride 
ions. 60 


Trace Minerals 

The trace minerals that may be involved in alterations 
in endochondral ossification are copper, zinc, and possi¬ 
bly manganese. Manganese imbalances w f crc discussed 
previously in this chapter. 

Copper 

Copper deficiency may cause lameness, stiffness, 
spontaneous fractures, enlarged joints, physios, and con¬ 
tracted flexor tendons in ruminants. 111 However, copper 
deficiencies and toxicities have not been commonly doc¬ 
umented in animals other than ruminants. Copper is an 
essential component of the enzyme, lysyl oxidase, which 
is essential for the cross-linking of collagen and clastin. 
Collagen type H is an integral component of cartilage 
matrix in the horse, and its cross-linkage is required for 
the development of normal cartilage matrix and carti¬ 
lage’s replacement by bone. Consequently, in foals DOD 
may be caused in part by diets deficient in copper. 

Mature ponies probably only need 3.5 ppm copper 
in their ration dry matter; 1 however, the NRC 6 has a 
recommendation of 10 ppm (i.e., 10 
feed) for all classes of horses. Knight 
rhar diets with excessive zinc or molybdenum could 
cause a secondary copper deficiency, as occurs in rumi¬ 
nants, but this has not been substantiated in the horse. 
However, selenium excess may increase the horse’s di¬ 
etary copper requirements (Ralston S, personal commu¬ 
nication, 1997). Copper imbalances can be diagnosed by 
finding copper concentrations (in ppm in their tissue wet 
weight) significantly outside of the normal range of 0.7 
to 2 in plasma, 3 to 15 in the hoof,' 0 to 16 in the liver, 
4 to 13 in the renal cortex, or l to 5 in the pancreas. 16 
Hair copper content of less than 8.5 ppm is suggestive, 
but does not confirm the presence, of a copper defi¬ 
ciency. 

4 

Copper (Cu) deficiency has been incriminated as a 
cause of equine DOD, especially physitis and osteochon¬ 
drosis. However, there is a great deal of controversy sur¬ 
rounding the subject, as disparate results have been ob- 
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rained in a number of research projects.* 4 *' 53,73,74 * 7 *** 
In one study mares were either fed recommended (ap¬ 
proximate NRC) or high concentrations of Cu daily 
through the last trimester of gestation and lactation, and 
their unweaned foals were given access to creep feeds 
with 15 or 55 ppm Cu, respectively. 53 No differences in 
the rate of growth were documented, yet foals born to 
dams on the recommended (approximate NRC) Cu diet 
and supplemented with only 15 ppm creep feed had an 
increase (albeit insignificant) in the incidence of the num¬ 
ber of cartilage lesions. The NRC subcommittee did not 
consider the data conclusive, hence their recommenda¬ 
tion remained 10 ppm Cu in the ration dry matter. 

Diets containing 11.1 to 11.7 ppm Cu * 7 *** and thus 
slightly higher than the NRC recommendations for all 
classes of horses but lower than the 40 to 50 ppm sug¬ 
gested for growing horses by Knight ct al. 53 were not 
associated with an increased incidence of osteochondro¬ 
sis in foals, provided the DE and phosphorus content 
were at the recommended levels. In an earlier study,* 
two diets were used to clarify the effects of Cu deficiency. 
One contained only 1.7 ppm (low Cu diet) and the other 

14 ppm (adequate control Cu diet), which is similar to 
the NRC* 7 recommendation. The salt-soluble collagen 
measurements, an indicator of defects in the collagen 
cross-linkage, in the foals fed 14 ppm Cu were normal, 
which contrasted with the greatly increased solubility 
in foals fed diets containing 1.7 ppm Cu.* However, in 
another study foals were fed either 7 ppm Cu (low Cu 
diet! or 30 ppm Cu (high copper diet). 4 The group fed 
the lower copper level had a higher incidence of macro¬ 
scopic osteochondrosis. These changes were found pre¬ 
dominantly in the cervical vertebrae, yet many sites com¬ 
monly associated with lesions of osteochondrosis were 
not involved. 4 * Pearce and co-workers found that foals 
did not appear to have significant lesions of osteochon¬ 
drosis unless their dams were not supplemented with 
copper during late gestation, 3,74 Because milk copper is 
not altered in response to Cu supplementation of the 
dam during lactation (i.c., remains at approximately 2 
to 4 ppm on a dry matter basis), Cu supplementation 
of the dam is probably most important during the last 
trimester of gestation, when the fetus is actively increas¬ 
ing its own hepatic stores of copper. 

Horses are much more tolerant of low and high Cu 
levels compared to both sheep and cattle. Ponies have 
been shown to tolerate up to 791 ppm dietary Cu, al¬ 
though these ponies had decreased average daily weight 
gain and high liver Cu concentrations. 11 ’ 5 Since the maxi¬ 
mum threshold for dietary Cu is so high, it appears that 
growing horses could easily tolerate dietary Cu levels of 

15 to 40 ppm suggested by some, 4 *’ 52 and this may allevi¬ 
ate some of the signs of osteochondrosis seen in growing 
foals. 

Zinc 

A zinc deficiency has not been confirmed in horses on 
natural feeds at this time. An experimental deficiency 
was induced, but only when the zinc content of the ration 
was reduced to 4 ppm, lK Natural feeds usually contain 
4 to 12 times this amount of zinc. The NRC* 7 recommen¬ 
dation for zinc in equine diets is 40 ppm on a dry matter 
basis. 


A zinc-responsive osteodystrophy in foals has been 
reported. 4 * 1 Forty-two foals were given 200 mg of zinc 
per head per day, which increased the zinc content of 
their ration from 25 to 65 ppm, whereas 47 other foals 
on the same ration were not given any supplemental zinc. 
Some of the foals in both groups had osteodystrophy. It 
was reported that those given zinc appeared to improve 
more rapidly than those not given zinc. 

Zinc toxicity may be caused by adding excessive zinc 
to the ration (greater than 200 to 500 ppm), grazing 
pasture forage contaminated with efflux from nearby 
smelters, or drinking water containing greater than 15 
ppm of zinc. Excessive zinc may he released from galva¬ 
nized surfaces when subjected to electrolysis, which oc¬ 
curs when galvanized water pipes and copper pipes are 
joined. 64,7 

Gun son et al. 36 and Kowalczyk et at 55 found that 
foals pastured in the vicinity of a smelter had generalized 
cartilage lesions that appeared similar to osteochondro¬ 
sis on a macroscopic basis. The surrounding environ¬ 
ment and pasture had high levels of zinc and cadmium. 
Environmental exposure of pregnant pony mares and 
their foals to zinc and cadmium was evaluated. Only 2 
of the 5 foals had signs of lameness, but all foals (5 of 
5) had macroscopic lesions resembling osteochondrosis 
when euthanasia and necropsy were performed at ages 
of approximately 2 to 18 months. Histologic examina¬ 
tion of cartilage from some of these foals showed superfi¬ 
cial cartilage erosion rather than core lesions, which does 
not support a primary defect in endochondral ossifica¬ 
tion. 

A zinc deficiency or excess may be present if zinc con¬ 
centration in ppm in the tissue wet weight is significantly 
outside of the normal of 0.8 to 2 in the plasma, 0 to 50 
in the liver or renal cortex, or 5 to 10 in the pancreas. 7 *' ' 
Pancreatic zinc content appears to be the most reliable 
indicator of zinc toxicosis. 54 

Vitamins 

Vnr amin E 

Controversy about vitamin F. deficiency in the grow¬ 
ing horse exists. In recent years researchers have impli¬ 
cated diminished access to green forage as a cause of 
vitamin E deficiency and, consequently, equine degener¬ 
ative myclocncephalopathy (EDM). 1 *' However, no spe¬ 
cific musculoskeletal signs occur in this neurologic syn¬ 
drome. 

Trauma to Endochondral 
Ossification Centers 

Trauma is another predisposing factor to alterations 
in endochondral ossification. ' 4 * 6 ‘* Weight, upright con¬ 
formation, and exercise appear to play a role. The 
greater the body weight, the greater the force on hones 
and joints will be per cross-sectional area. Additionally, 
the greater the body weight, the smaller the ratio of the 
bones’ articular-epiphyseal cartilage complex or me¬ 
taphyseal physis to body weight is, which makes them 
more susceptible to trauma. Theoretically, horses with 
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upright conformation also bear increased weight on the 
metaphyseal growth plate and articular-epiphyseal carti¬ 
lage complex, which may result in alterations in endo¬ 
chondral ossification. Exercise may also be an important 
factor in increasing biomechanical trauma in foals that 
already have osteochondrosis, thus aggravating the le¬ 
sion and increasing the chance of development of degen¬ 
erative joint disease (i.e., osteoarthritis). 

Growth and Conformation 

Faster growing, larger, finer-boned breeds of horses 
w ith upright conformation, particularly those with short 
upright pasterns, 1 ’ appear to be affected with POD 
more frequently, POD is seen less frequently in draft 
horses, presumably because they have larger bones and 
reach mature size more slowly. Also I)OD is believed to 
occur less frequently in ponies, presumably because of 
their smaller body size. However, two reports identified 
lesions of osteochondrosis in two ponies.* 8 ' 10 * 

Controversy still exists on the effects of rapid growth 
on alteration of endochondral ossification and the ap¬ 
pearance of POP. The importance of this concept has 
been documented in numerous animal studies including 
horses, 4 ** 61,7 *’ ll>h dogs,' 10 '* 1-6 * swine,* 7 ’**’* 0 and cattle.'' 1 
A rapid growth rare is promoted by 1) genetics, 2) high 
energy intake, and 3) stunting early in life followed by 
increased feeding for maximum growrh, which results in 
a compensatory growth spurt. 

In one study flexural deformities {contracted flexor 
tendons) developed in 4 of 6 foals whose food intake 
was restricted and who were later fed ad libitum, 
whereas none of the 6 foals that were continually fed ad 
libitum developed flexural deformities. 4 * In other studies 
attempting to induce osteochondrosis or other forms of 
POD, foals were fed excessive DE without increasing 
growth significantly compared to control foals, but the 
foals fed high amounts of PE had significantly more se¬ 
vere osteochondrosis lesions. 87 

High-energy diets do not simply manifest their effects 
through increases in growth rate and subsequent biome¬ 
chanical trauma on the articular-epiphyseal cartilage 
complex. A number of studies have demonstrated an in¬ 
crease in DOD in foals fed excessive energy with no in¬ 
creased growth rate. This means that an increase in the 
weight per unit area of physcal cartilage (e.g., metaphy¬ 
seal or articular-epiphyseal growth plates) is not the sim¬ 
ple reason for lesions seen in foals that have grown 
quickh or to heavier than normal weights. 

By 2 to 3 months of age, the foal’s nutritional needs 
exceed that provided by the marc’s milk. If additional 
quantities of a feed containing the nutrients needed are 
not fed, growth may be slow'ed during this period. Then, 
if following weaning, enough grain is fed to provide the 
energy necessary for rapid growth, a compensatory 
growth spurt will occur. Compensatory growth does ap¬ 
pear to be problematic, and should he avoided if possible 
after illness or periods of feed deprivation. 

Exercise 

Exercise and its subsequent effects on the presence 
and severity of osteochondrosis lesions are controversial. 
A study using unexercised foals fed recommended PE 


levels had a low incidence of osteochondrosis, while foals 
fed excessive energy during a low plane of exercise had 
numerous lesions (Bruin and Smolders, personal com¬ 
munication, 1990). Preliminary data found that exercise 
may play a role in decreasing the incidence of osteochon¬ 
drosis when foals are fed excessive DE, but may increase 
the incidence of osteochondrosis in foals fed basal DE 
levels (Bruin and Smolders, personal communication, 
1990). The results of the latter study are difficult to rec¬ 
oncile with current information on the induction of os¬ 
teochondrosis. One explanation for the occurrence of 
osteochondral lesions in the exercised foals fed only 
basal DE may be that they already had minor lesions of 
osteochondrosis prior to exercise and these were biome¬ 
chanical ly exacerbated. In contrast to findings by Savage 
et al. s and Bruin and Smolders (personal communica¬ 
tion, 1990), another study found a trend towards an in¬ 
creased incidence of macroscopic lesions consistent with 
osteochondrosis in unexercised weanling foals fed 110% 
of NRC recommendations for DF. and protein, com¬ 
pared to moderately exercised foals on this diet, or to 

moderatelv exercised foals that received 135% of NRC 

# 

DE and protein recommendation (Lcedle R, Raub R, An¬ 
derson k. Warren ), personal communication, 1995). 
However, no histologic evaluation w*as performed, and 
therefore interpretation is difficult. 

In summary, results are somewhat conflicting and do 
not fit with a simple relationship between exercise and 
DE intake. Findings appear to indicate that increased 
exercise may he beneficial when high energy diets arc 
consumed, but detrimental if lesions arc already present. 
Unfortunately, usually it is not possible to determine 
w r hcn lesions first develop. Hence, the dilemma on the 
appropriate degree of exercise for foals on varying DF. 
feeding regimens has not yet been resolved. 

Genetic Predisposition 

Generic predisposition to alterations in endochondral 
ossification that is unrelated to growth rate, bone size, 
or conformation may be a factor in some cases. A genetic 
predisposition has been demonstrated in dogs,' 1 swine, 1 
and horses.* 2 Eight foals with severe contracted flexor 
tendons resulting from a mutation in the sire have been 
reported. 4 

Some horses appear genetically predisposed to devel¬ 
oping osteochondrosis. Numerous radiographic studies 
have yielded heritability scores between 0.24 and 0.32. 
Unfortunately, generic studies currently rely on progeny 
testing using radiographic means. As lesions of osteo¬ 
chondrosis can be radiographically “silent,” it is difficult 
to attest to the accuracy of the heritability scores. Pres¬ 
ently there is insufficient evidence to mandate that stal¬ 
lions or mares with osteochondrosis lesions not be bred, 
although owners should he informed about the possibil¬ 
ity of generic influence. 

Nutritional Management of Alterations 
in Endochondral Ossification 

A feed analysis over a 24-hour period should be per¬ 
formed m order to assist in this decision. Generally cn- 
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ergy intake is decreased, and copper, calcium, and phos¬ 
phorus levels in the original diet and m the proposed diet 
should be scrutinized carefully. Often ad libitum grass 
hay and a small amount of grain (c.g., less than 0.5 kg/ 
day! can be offered to weanlings with problems of DOD 
for a period of 3 to 6 weeks, in order to administer sup¬ 
plementary calcium, and possibly phosphorus and cop¬ 
per. However, although dicrary copper levels of 15 to 
25 ppm appear safe and rational, recent research does 
not demonstrate a decrease in DOD defects in foals di¬ 
rectly supplemented with copper, unless their dams had 
been supplemented during gestation. H 

IN THE MATURE HORSE 
FOR MAINTENANCE OR WORK 

Nutritional deficiencies resulting from inadequate in¬ 
take are less common in mature, nonpregnant, nonlac- 
tating, non working animals because of their lower nu¬ 
trient requirements. Conversely, excessive feed intake 
resulting in obesity is most likely to occur during mainte¬ 
nance, when the animal's energy needs arc lowest. Addi¬ 
tionally, nutritional toxicities are just as likely to occur 
during maintenance as they arc during any other time 
of life. A common cause for nutritional toxicities is the 
ingestion or administration of excessive quantities of 
specific nutrients or feeds high in those nutrients. These 
nutrients include vitamin A, vitamin D, phosphorus, se¬ 
lenium, iodine and iron (especially in supplements), and 
fluoride. Excessive intake of any of these nutrients may 
result in musculoskeletal diseases. In addition, during 
frequent strenuous or prolonged physical exertion, body 
electrolyte and acute energy deficiencies may occur be¬ 
cause of excessive losses or utilization of these nutrients. 

Water, Electrolyte, and Energy Deficits 

Energy utilization may be increased 10- to 20-fold 
during physical exertion. Most of this energy is expelled 
as heat, which the animal must eliminate in order to 
avoid heat exhaustion. Because the majority of this heat 
is lost by the evaporation of sweat from the body surface, 
the greater the temperature, humidity, and energy uti¬ 
lized, the greater the volume of sweat and, as a result, 
the greater the loss of water and electrolytes there will be. 
A failure to replace these losses results in dehydration, 
electrolyte deficits, decreased circulation, and decreased 
sweating, which can result in fatigue or heat exhaustion. 
To prevent this, allow and encourage the horse to drink 
as frequently as possible during physical activity. How¬ 
ever, when physical activity ceases and the horse is hot, 
it should be cooled by walking, and a rest period of 20 
to 30 minutes should be given before allowing access to 
small volumes of water. After watering, hay and grain 
may be fed. Electrolyte supplements may be beneficial 
in some cases. 

The major electrolytes lost during physical exertion 
arc sodium, potassium, chloride, and calcium. 11 Loss 
of the first three electrolytes causes fatigue and muscle 
weakness, and decreases the thirst response to dehydra¬ 
tion, so the horse may have little inclination to drink 
or eat. Dehydration and electrolyte deficits commonly 


occur in horses exhausted from prolonged or frequent 

} physical exertion. To prevent this, water should be of- 
ered frequently and the electrolytes lost should be re¬ 
placed, This may be done by giving the horse 2 oz (57 
g) of a mixture of three parts “lire” salt (a 1:1 mixture 
of sodium chloride and potassium chloride) plus one part 
limestone. Since the body does not store these electro¬ 
lytes, they should be given just before, during, and sev¬ 
eral times after physical exertion is completed. Electro¬ 
lytes may be given through any means; however, if 
electrolytes are added to water, plain, nonsupplemenred 
water must also be available. This is because some horses 
do not find electrolyte-supplemented water palatable 
and thus decrease total water intake, which is more 
harmful than any possible benefits that electrolyte con¬ 
sumption may provide. If electrolyte losses are small, 
little benefit is derived from electrolyte supplementation. 
However, if extensive electrolyte deficits occur, syn¬ 
chronous diaphragmatic flutter (“thumps”), hypocalce- 
mic tetany, and prolonged postexercise fatigue may 
occur. These conditions may be prevented to a large de¬ 
gree by electrolyte supplementation. 

Exhaustion and Postexercise Fatigue 

Exhaustion generally occurs as a result of a body defi¬ 
cit in energy, water, and electrolytes. Affected animals 
appear obtunded and lethargic, often with little interest 
in food or water. Varying degrees of muscle energy de¬ 
pletion, hypochlorcmia, hypocalcemia, and electrolyte 
deficits may also be present and, therefore, may result 
in muscular cramping, colic, and synchronous diaphrag¬ 
matic flutter. The dehydration and electrolyte deficits 
decrease or prevent sweating. If there is any sweat, it is 
generally sticky rather than watery. As a result, the body 
temperature increases because of the horse's inability to 
sweat. Although the pulse and respiratory rates of the 
exhausted and the nonexhausted horse are similar imme¬ 
diately following exercise, these parameters return to 
normal more quickly following exercise in the nonex¬ 
hausted horse. 1 ' In the nonexhausted horse the pulse rate 
should fall to less than 55 beats/minute and the respira¬ 
tory rate to less than 25 breaths/minute (unless there is 
an extremely high ambient temperature) after 20 to 30 
minutes of rest. Indications of exhaustion arc 1) the 
rectal temperature does not fall to less than 102°E (39°C) 
within 10 minutes of rest and 2) after 20 to 30 minutes 
of rest the pulse rate is greater than 70 bcats/minutc and 
the respiratory rate is more than one-half pulse rate. 4 ' 
An exhausted horse will frequently demonstrate an in¬ 
creased packed cell volume and plasma protein concen¬ 
tration owing to dehydration, and an increase in muscle 
enzyme activities and phosphorus concentration in the 
lasma as a result of muscle exertion or damage. A meta- 
olic alkalosis and hypochlorcmia from excessive chlo¬ 
ride losses may be present. A white blood cell differential 
will indicate a typical stress response of a mature neutro¬ 
philia, lymphopenia, monocytosis (irregularly present), 
and cosinopcnia (often present even in the normal horse). 

Treatment of the exhausted horse may require the in¬ 
travenous administration of 40 to 120 liters of fluids. 
Recommended initial treatment consists of 10 to 20 liters 
of isotonic electrolyte solution (e.g.. Plasmalyte; 0.9% 
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saline) given intravenously, with additions of 20 mL of 
a 23% calcium gluconate solution per liter, 10 mEq of 
potassium chloride solution per liter, and 50 ml. of a 
50% glucose solution per liter. Hypertonic saline given 
intravenously is useful in the exhausted horse with signs 
of shock to increase circulating volume quickly. How¬ 
ever, if hypertonic saline is utilized, it is imperative that 
it he followed bv intravenous administration of a mini- 

m 

mum of 20 liters of isotonic (or barely hypertonic (e.g., 
minor additions of calcium gluconate and potassium 
chloride)) fluids. 

At the same time intravenous fluids are being adminis¬ 
tered, 4 to 8 liters of an oral nutrient-electrolyte fluid 
should be given by nasogastric tube. Few oral nutrient- 
electrolyte powders are made with the exhausted horse 
in mind. Calcium is often not included in calf scour pow¬ 
ders, and these will usually have bicarbonate, lactate, or 
citrate in them (e.g., Biolyte, Upjohn, Kalamazoo, Ml). 
An additional 3 to 6 liters of this fluid should he given 
orally every 3 to 4 hours as needed. Free choice water 
should also be allowed once the horse is cool. The horse 
should he moved as little as possible during treatment 
and should be rested for several weeks afterward. One 
to two ounces (i.e., approximately 28 to 60 g) of a non- 
iodized salt (i.e., sodium chloride) and “lire” salt (i.e., a 
1:1 mixture of sodium chloride and potassium chloride) 
should be added to rhe grain/concentrate and fed twice 
a day for several days. Depending on the horse's muscle 
involvement, it may be beneficial to administer nonste¬ 
roidal anti-inflammatory drugs in conjunction with in¬ 
travenous and nasogastric fluids. 

Synchronous Diaphragmatic Flutter (Exhausted 
Horse Syndrome, Thumps) 

Synchronous diaphragmatic flutter (SDF) results from 
electrolyte losses that occur during physical exertion or 
from hypocalcemie tetany or hypocalcemia secondary to 
blister beetle toxicosis. This svndrome is often seen in 
horses participating in competitive trail or endurance 
races or on long-distance rides, Typical biochemical ab¬ 
normalities include hypoglycemia (especially in horses 
participating in endurance races), increased fatty acid 
concentrations, increased glycerol concentrations, hypo¬ 
natremia, hypochloremia, hypokalemia, hypocalcemia, 
hypomagnesemia, and hyperphosphatemia. Minimal to 
modest elevations in blood lactate and creatine kinase 
(CK) may be observed; however, arterial pH rarely indi¬ 
cates acidemia, presumably because of compensation, 
which is p>ssible during slower exercise. Indeed, alkalo¬ 
sis may develop more commonly, especially when there 
is a severe hypochloremia. Hemoconcentration is also 
commonly observed. 

A decrease in the plasma calcium, chloride, and/or 
potassium concentration, or a body deficit of these 
electrolytes, is thought to increase the irritability of the 
phrenic nerves. As a result, the electrical activity occur¬ 
ring when the heart beats stimulates these nerves where 
they pass over the heart. As a result the diaphragm, 
which is stimulated by the phrenic nerves, contracts with 
each beat of the heart. This is usually observed as sudden 
bilateral, and occasionally unilateral, movement of the 
horse’s flanks (and sometimes the Hindiimbs) each time 
the heart beats (i.e., synchronous with the heart’s con¬ 


traction). This may occur during or following physical 
exertion, severe diarrhea, or colic or following prolonged 
surgery or anesthesia. Prevention and treatment include 
the replacement of the depleted electrolytes. If the condi¬ 
tion is severe, 20 to 100 liters of an isotonic or slightly 
hypertonic [i.e., isotonic fluid supplemented with cal¬ 
cium (i.e., 10 to 20 mL 23% calcium gluconate per liter 
of solution), potassium chloride (i.e., 20 to 40 mEq po¬ 
tassium chloride per liter of intravenous fluids), and glu¬ 
cose (i.e., 20 to 40 mL of 50% dextrose per liter of intra¬ 
venous fluids)) replacement fluid should be given 
intravenously over a 24-hour period. Fluids containing 
greater than 25 mEq/liter of bicarbonate, lactate, or ace¬ 
tate should be avoided, unless the presence of metabolic 
acidosis has been established through blood gas analysis, 
as metabolic alkalosis rather than acidosis may actually 
be present. As with cases of exhaustion with hypona¬ 
tremia and hypochloremia, intravenous hypertonic sa¬ 
line administration followed by intravenous isotonic 
fluids may ameliorate the situation quickly. One liter of 
5 to 7.5% saline (i.e., hypertonic) may be used followed 
by a minimum of 20 liters of isotonic fluids. As the chlo¬ 
ride concentration has an impact on the acid-base status 
of a horse, correction of a hypochloremia may simultane¬ 
ously improve or even correct metabolic alkalosis. 

In less severe cases, electrolytes and glucose may be 
replaced orally, including via nasogastric intubation. 
Nasogastric intubation may be necessary, because inges¬ 
tion (and thus amelioration of the condition) that is vol¬ 
untary may be incomplete. 

Hypocalcemie Tetany 

Prolonged strenuous physical activity or stress from 
any cause results in a prolonged high level of secreted 
corticosteroids. Corticosteroids inhibit vitamin D activ¬ 
ity and renal rubular resorption of calcium, resulting in 
increased calcium loss in the urine in some species. Inhi¬ 
bition of vitamin D activity decreases intestinal calcium 
absorption and parathyroid hormone mobilization of 
skeletal calcium. Extensive quantities of calcium can also 
be lost in sweat. 96 Thus, during strenuous physical activ¬ 
ity there may be increased loss of calcium from the body, 
decreased calcium absorption, and decreased calcium 
mobilization from the bone. As a result of these factors, 
hypocalcemia and thus tetany may occur. A definitive 
diagnosis is made by identifying a decrease in plasma 
calcium concentration. More commonly, a presumptive 
diagnosis is made based on clinical signs, history, and 
response to treatment; however, therapy must he ap¬ 
proached cautiously when the plasma calcium level is 
not known. The clinical symptoms and treatment of hy¬ 
pocalcemia are described later in this chapter, in the sec¬ 
tion titled, Hypocalcemie and Hypomagnesemic Tetany. 

Equine Rhabdomyolysis Syndrome (ERS) 
(Exercise-Related Myopathy, Exertional 
Myopathy, Exertional Rhabdomyolysis, 
Myositis, “Monday Morning Disease,” 
“Tying-up” Syndrome) 

Many predisposing factors have been proposed as the 
cause of equine rhabdomyolysis syndrome (ERS); how- 


Copyrighted material 



390 Adams' lameness in Horses 


ever, those that remain at the forefront include: 1) diet, 2) 
training regime and fitness, and 3) intensity of exercise. 

Horses subjected to the stress of race training may 
undergo some degree of thyroid suppression. However, 
it has become apparent that racing animals usually dem¬ 
onstrate low concentrations of thyroxine (T 4 ), the inac¬ 
tive thyroid hormone, and this is not likely a reflection 
of glandular thyroid disease (Bayly W, personal commu¬ 
nication, 1998). However, it has been postulated that 
myopathy may be related to hypothyroidism. This is ex¬ 
tremely controversial, as there is currently no good 
method for assessing the thyroid status of a horse. 101 
Transient postprandial hypothyroidism has been associ¬ 
ated with feeding high levels of protein and energy, 12 
and this may be associated with the development or exac¬ 
erbation of ERS. 

Common clinical manifestations of ERS include: 1) 
anxiety, 2) sweating, 3) tachycardia, 4) reluctance to 
walk, 5) lameness, 6) hardening of muscle groups (espe¬ 
cially the gluteal muscles) with pain evidenr on palpa¬ 
tion, 7) recumbency, and 8) myoglobinuria. 

Increased creatine kinase (CK) and aspartate amino¬ 
transferase (AST) levels are commonly observed bio¬ 
chemical abnormalities. The CK is usually elevated ini¬ 
tially, while the membrane-associated AST takes longer 
to elevate. The concentrations of these enzymes are 
thought to increase in the serum when myodegeneration 
occurs, and are not associated with simple sarcolemmal 
leakage from altered, abnormal permeability of the myo¬ 
cyte. 112 

The cause of ERS remains elusive. Early investiga¬ 
tors 12 hypothesized that horses fed high levels of carbo¬ 
hydrate during rest would experience an increased accu¬ 
mulation of muscle glycogen, which underwent rapid 
glycogenolysis during exercise leading to lactic acidosis 
at the muscular level. More recently, investigators have 
not been able to confirm this. Valberg et al. demon¬ 
strated that there is no evidence supporting the role of 
lactic acidosis in initiation of ERS; and Kotcrba and 
Carlson 14 showed that hypochloremia and, thus, alkalo¬ 
sis were the most common abnormalities. 

Other possible pathogenic mechanisms for ERS in¬ 
clude electrolyte deficiencies, especially sodium and po¬ 
tassium deficiency. Unfortunately, studies showing 
improvements tn horses with ERS after dietary supple¬ 
mentation with sodium and potassium w were not corro¬ 
borated by Hodgson (unpublished data). 46 Horses with 
ERS had lower muscle potassium levels on a dry weight 
basis than normal horses, yet red blood cell potassium 
concentration was no different between ERS horses and 
normal horses. 4 It is still not clear as to the exact role 
of electrolyte imbalances in ERS. 

Another potential cause of ERS may be altered home¬ 
ostasis of intracellular calcium induced by exercise, 
stress, and even diet. Research in other species supports 
this contention, in that muscle under conditions of suffi¬ 
cient exercise to cause muscular damage becomes refrac¬ 
tory to maintenance of intracellular calcium concentra¬ 
tions. This appears to occur because of an inability of 
calcium channels to function: They remain open, thereby 
allowing the sarcolcmma to leak calcium, overwhelming 
the mitochondrial capacity' and leading to a progressive 
buildup of calcium in the myopia sm “ v This ma> allow 
stimulation of calcium-activated proteases, which dam¬ 


age and destroy intracellular organelles. 8 Relaxation 
tiroes of muscles may also he lengthened. s 

Muscle enzymes, such as AST, CK, and lactate dehy¬ 
drogenase (LDH), and myoglobin and phosphorus con¬ 
centrations in the blood may be elevated as a result of 
muscle damage. A mild hypochloremia and hypocal¬ 
cemia are frequently present, but metabolic acidosis gen¬ 
erally is not. 1 4 Myoglobin is excreted in the urine. If 
sufficient quantities are excreted, it gives the urine a cof¬ 
fee-colored appearance. In milder cases, myoglobinuria 
is not grossly evident but may be detected by using occult 
test reagent tablets or sticks. Myoglobin excretion may 
cause renal damage. The appearance of dark-colored 
urine or recumbency indicates a grave prognosis, and a 
large volume of intravenous fluids must be administered. 

Affected animals should not be moved, since it will 
worsen the condition. Mild cases may recover with no 
treatment if they are not moved. If moved even a short 
distance, the condition may become severe, resulting in 
death regardless of the treatment given. Intravenous 
fluids (i.c., 6 liters/hour for the first 4 to 8 hours and then 
2 to 4 liters/hour) should be administered to increase 
circulation and to diminish the chances of renal damage 
secondary to myoglobin-induced alterations, which may 
be secondary to prostaglandin alterations. Administra¬ 
tion of a minimum of 20 liters of intravenous fluids con¬ 
taining potassium, sodium chloride, and calcium is rou¬ 
tine, although it is rare for bicarbonate to be required. 
Practitioners without the luxury of biochemical analyses 
should avoid bicarbonate-containing fluids and instead 
should use isotonic to slightly hypertonic fluids contain¬ 
ing sodium chloride, potassium, and calcium. Dimethyl 
sulfoxide (DMSO) is often utilized as a supplement to 
fluids in horses with ERS. It is used as an anti-inflamma¬ 
tory drug, as it may be able to scavenge oxygen free 
radicals. Its use is controversial, bur anecdotal evidence 
suggests that it is useful at an appropriately low concen¬ 
tration (e.g., 500 mL of 90 to 99% DMSO split into 10 
to 24 liters). It may be given intravenously or orally (via 
nasogastric tube) at a dose of lg/kg body weight. Con¬ 
centrations greater than 10% should not be utilized, be¬ 
cause of the Likelihood of hemolysis. 

Nonsteroidal anti-inflammatory drugs (NSAlDs) to 
control pain and decrease inflammation, such as flunixin 
meglumine (Banamine), are often utilized at varying 
doses (e.g., flunixin meglumine: 0.5 mg/kg given intrave¬ 
nously two, three, or four times a day, up to 1 mg/kg 
given intravenously twice a day). It should be remem¬ 
bered that NSAlDs have been associated with renal pap¬ 
illary necrosis, and their use may compound the renal 
effects of myoglobin. Hence they should only be used 
with adequate volumes of fluids administered intrave¬ 
nously or via nasogastric tube. 

Phenothiazine-derivative tranquilizers cause vasodila¬ 
tion, which is helpful; however, they should not be given 
until after adequate fluid therapy has been administered. 
Shock is frequently present in severe cases. Vasodilators 
given prior to the correction of shock by adequate fluid 
administration may exacerbate the hypotension and 
even cause death. 

Phenytoin (i.e., diphenylhydantoin t may decrease the 
incidence of ERS, possibly through influencing sarcolem¬ 
mal and sarcoplasmic reticulum function. 1 Although re¬ 
search shows that Verapamil (a calcium channel blocker) 


Copyrighted materia 


Chapter 5 The Role ot Nutrition in Musculoskeletal Development and Disease 391 


may assist in amelioration of signs and may even protect 
against the development of ERs, it has not been assessed 
in the horse. 

Following recovery, an injection or oral supplementa¬ 
tion of vitamin E and selenium is sometimes adminis¬ 
tered, although plasma vitamin E and serum selenium 
levels should be checked prior to this. Only hay and high 
fat feeds should be given for 2 to 14 days, and there 
should he no exercise nor any grain fed for 2 weeks. 
Return to normal exercise and feeding should be gradual 
and incremental. It appears helpful to divide feedings 
of concentrate into numerous, smaller feeds (e.g., divide 
total daily allowance into four, fairly evenly spaced feed¬ 
ings). A high-fat, low-starch diet appears to decrease 
postexercise CK in ERS horses (McKenzie EC, and Val- 
berg SJ, personal communication, 2000). It is not known 
m horses whether administration of thiamine (500 mg/ 
horse) and/or pantothenic acid (both of which are gener¬ 
ally present in vitamin B complex solutions) is helpful, 
although in humans thiamine (vitamin B») has been 
shown to hasten lactic acid metabolism.' " and panto¬ 
thenic acid is necessary for aerobic metabolism and 
therefore may be helpful. However, there is no data cur¬ 
rently supporting their utilization in the treatment of 
ERS. 

On necropsy, affected muscles may show minimal 
gross changes or may appear swollen, hemorrhagic, or 
ale, with grayish-yellow streaks to a dark reddish- 
rown waxy-cooked appearance. Petechial hemorrhages 
are frequently present in the epicardium. The kidney 
cross section may show brownish discoloration with red¬ 
dish streaks. Histologically there is hyaline degeneration 
and muscle fiber fragmentation, but little or no calcifica¬ 
tion or inflammation. Renal tubular nephrosis and 
congestion and pallor of central hepatic lobules may also 
be present. 

Equine Polysaccharide Storage 
Disorder (Equine Polysaccharide 
Storage Myopathy) 

A number of breeds of horses (including Quarter 
Horses, 11 ‘ Quarter Horse-related breeds, 111 Draft 
horses, : 16 and draft horses including Belgian and Perche- 
ron draft horses* 1 *) have been identified as having poly¬ 
saccharide storage myoparhv syndrome, with clinical 
signs of repetitive exertional rhabdomyopathy. These 
horses appear to have an abnormal amount of polysac¬ 
charide (i.e„ complex polysaccharide and glycogen) that 
appears to be metaboiically unavailable, stored in their 
skeletal muscle. Researchers believed that this accumula¬ 
tion occurred because of a defect in the glycogen meta¬ 
bolic pathway, leading to improper use ofcarbohydrates 
for energy production. However, these horses have 
greater insulin sensitivity (putatively causing an in¬ 
creased GI.UT4) and thus enhanced clearance of blood 
glucose into skeletal muscle, resulting in excessive glyco¬ 
gen storage (Valberg SJ, personal communication, 
2000 ). 

Treadmill studies conducted by Valberg et al,’ u on 
two affected horses demonstrated that their maximum 
achievable speed was lower than that of normal horses 
and that they had less oxygen consumption and less lac¬ 


tate production. These investigators postulated that this 
was consistent with a syndrome that involves impair¬ 
ment of the glucose-1-P to pyruvate pathway, which 
would result in an insufficient amount of pyruvate fur 
either oxidation or anaerobic conversion to lactate. If 
glycolysis is limited in exercising horses, their generation 
of muscle ATP is diminished, inducing painful contrac¬ 
tions of skeletal musculature. It may be necessary to 
study larger numbers of horses to confirm these findings. 

A whole blood sample (i.e., collected in an ethvlenedi- 
aminetetraacetic acid {EDTA| blood tube) and a biopsy 
of the semitendinosus or semimembranosus muscles 
should be taken. The sample size of muscle should he 
approximately 5x1x1 cm, and it should be incised 
in such a way that the long axis is parallel to the muscle 
fiber length and the short axis transects the muscle fiber 
direction. The biopsied material should he placed in a 
plastic hag/con tamer (without being stretched) and 
shipped on dry icc via overnight express mail to Dr. S. 
Valberg at the College of Veterinary Medicine, Univer 
sity of Minnesota, St. Paul, MN. The whole blood sam¬ 
ple must not he fr 07 .cn, so a second package is usually 
ncceSsary (Valberg S. personal communication, 1996). 
Muscle biopsies of affected horses reveal increased peri¬ 
odic acid Schiff (PAS) staining; vacuolization; and abnor¬ 
mal, non-hioavailahle polysaccharide accumulation. The 
syndrome has only been recognized histologically in 
foals greater than l to 9 months of age, so suspect foals 
should be biopsied after this time. This is probably be¬ 
cause an extended period of time is necessary to accumu¬ 
late sufficient polysaccharide in cells. 

Feeding regimes that may ameliorate the condition 
are a low-carbohydrate, high-lipid (i.e., fat/oil) diet, 
which may increase the oxidative capacity of skeletal 
musculature. If one can provide 20 to 25% of the total 
daily calorie requirements in the form of lipid (e.g., corn 
oil etc.), then it likely that the accumulation of complex 
polysaccharides will diminish. Adult horses weighing 
500 kg (i.e., 1100 lb) need 16.4 Meal (i.e., 69 MJ) DE 
per day for maintenance and 20.5 Meat (i.e., 86 MJ) DE 
per day for light w'ork.* Twenty-five percent of 16.4 
to 20. S Meal is 4.1 to 5.1 Meal. As corn oil provides 
approximately 0,0086 Mcal/mL, 475 to 600 mL of corn 
oil should be fed daily. A daily nutritional analysis for 
DE should he performed to ensure that the dicr has suffi¬ 
cient lipid and carbohydrate. It should also he remem¬ 
bered mar excess lipid may decrease calcium absorption, 
warranting additional calcium supplcmention. 

In reports to date, horses on this diet have shown 
clinical improvement, hut draft horses have had an unex¬ 
pected increase in serum CK and AST approximately 4 
to 8 weeks after diet alteration implementation. Valen¬ 
tine et al. lt * proposed that this may follow increased 
necrosis of the polysaccharidc-loadcd muscle fiber seg¬ 
ments, because these horses mav have increased fartv 
acid utilization as a source of muscle energy. 

Regular, gradual, and incrementally increasing exer¬ 
cise regimens arc also imperative for control of clinical 
signs in horses diagnosed with this mypoathy. Unex¬ 
pected, intense exercise must he avoided to prevent a 
rapid increase in the muscle ATP requirements. Since 
glycolysis is limited in these horses, the rate of generation 
of muscle ATP is diminished, inducing the painful con¬ 
tractions of skeletal muscularure and rhabdomyolysis. 
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Hyperkalemic Periodic Paralysis 
(HYPP) 

The genetic defect causing hyperkalemic periodic pa¬ 
ralysis (HYPP) is in the genes controlling the voltage- 
dependent sodium channel. It is an autosomal dominant 
trait in horses, 1 ° just as it is in humans. This syndrome 
occurs primarily in American Quarter Horses and those 
with this ancestry (i.e*, American Paint Horses and Ap- 
paloosas). The mutation promoting this disease is found 
in bloodlines that were initiated by the stallion, “Impres¬ 
sive,” who has since died. 

Clinically the syndrome is typified by horses that have 
intermittent episodes of weakness, including facial mus¬ 
cle spasm, prolapse of the third eyelid (i.e., nictitating 
membrane), muscle spasms and/or fasciculations, sweat¬ 
ing, stridor, and sometimes flaccid paralysis with recum¬ 
bency. There is a w ide variation in the severity of clinical 
signs, and these may vary with temperature, diet, exer¬ 
cise level, anesthesia, and stresses, including trailer rides. 
During an episode, serum potassium is usually elevated 
because of the sodium channel defect. A normal sodium 
channel allows rapid membrane depolarization during 
the initial phase of the skeletal muscle’s action potential. 
However, defective sodium channels fail to inactivate, 
thus remaining open, allowing an excessive inward so¬ 
dium current and persistent depolarization (i.e,, in¬ 
creased depolarization and thus closer to threshold) of 
the skeletal muscle’s cell membrane. Elevations of serum 
potassium during an episode may exacerbate the syn¬ 
drome by inducing additional repetitive opening of the 
defective sodium channels, thus inducing increased de¬ 
polarization of the muscle cell membrane, and causing 
severe clinical signs. 

Acute episodes are usually treated by intravenous ad¬ 
ministration of potassium-free isotonic fluids, including 
2.5 to 5% dextrose, 0.6 to 1.2% sodium bicarbonate, 
or solutions containing calcium gluconate. Dextrose and 
bicarbonate function by increasing the net movement of 
extracellular potassium into the cell. In rare instances 
insulin is also utilized to assist in the inward movement 
of potassium from the extracellular fluid spaces into the 
intracellular space. Calcium-containing solutions may 
function to stabilize the membrane potential of muscle 
cells; however, some veterinarians are concerned about 
induction of hypercalcemia in affected horses and will 
use only dextrose and/or bicarbonate solutions. 

Long-term control of episodes may include 1) dietary 
management, 2) administration of the potassium-wast¬ 
ing diuretic and carbonic anhydrase inhibitor, acetazol- 
amide (2 to 4 mg/kg given orally every 12 to 24 hours), 
and 3) administration of phenytoin, which affects both 
sodium and calcium channels. 

The daily requirement of potassium for a 500-kg (i.e., 
1100-lb) adult horse at maintenance is 25 g, yet the same 
sized horse performing intense work requires 50 g (i.e,, 
the requirement has doubled). These amounts are pro¬ 
vided by 0.2 to 0.4% potassium in the dietary dry matter. 
It is rare for Quarter Horses, Paints, and Appaloosas 
(i.e., those at potential risk of HYPP) to be performing at 
anything more than light or moderate work. This would 
increase the requirement of a 500-kg adult horse to 31 
to 37 g of potassium. The aim of dietary management 


for horses with HYPP should be to diminish potassium 
intake to near these amounts. High-potassium feeds in¬ 
clude alfalfa hay and grass, some grass hays (i.e., Ber¬ 
muda grass hay, Kentucky bluegrass hay, fescue, rye¬ 
grass hay, and timothy hay), soybean meal, molasses, 
sweet feeds, and many vitamin and mineral supplements. 

In general, potassium levels are low in grains (0.3 to 
0.5%), yet high in forages (1 to 3%), especially immature 
forages. Potassium requirements are increased in perfor- I 

mancc horses that have increased losses through sweat¬ 
ing. Potassium levels in water are unlikely to be toxic, but 
high concentrations may decrease palatahility, so water I 

may not be the best choice as a carrier for potassium 
supplements. 

Normokalemic Periodic Paralysis 

Episodic paralysis in horses without associated pc- l 

ripheral serum hyperkalemia does not preclude the possi 
biliry of diagnosing hyperkalemic periodic paralysis. 101 
This syndrome, normokalemic periodic paralysis, has 
not been definitively proven to occur in horses. Two 
horses have been described with such a syndrome, but 
the descriptions were made prior to the advent of the 
DNA-probc for testing whether the mutation affecting 
the sodium channel gene was present. In humans this 
variant of the disease syndrome is rare and not well de¬ 
scribed; however, because serum potassium may not be 
elevated unless veins draining affected muscle groups arc 
directly sampled, it is considered a variant ot hyperka¬ 
lemic periodic paralysis. This means that, in general, if 
normokalemic variations arc suspected, then dietary ■ 

guidelines for horses with hyperkalemic periodic paraly¬ 
sis should be adhered to (sec the section on Hyperkalemic 
Periodic Paralysis immediately preceding this section). 


Vitamin E deficiency is thought to be the cause of the 
neurologic disease, equine motor neuron disease 
(EMNDj. 20 The vitamin E requirements currently rec¬ 
ommended by the NRC* 7 are 50 IU/kg dry matter for 
maintenance and 80 IU/kg dry matter for pregnancy, lac¬ 
tation, work, and growth, respectively. However, horses 
with EMND or EDM (see the section titled. In the Grow¬ 
ing Horse, earlier in this chapter) have been fed up to 
6000IU of vitamin E per day without apparent ill effects. 
This amount is equivalent to approximately 600 IU/kg 
dry matter. Currently the maximum tolerance level rec¬ 
ommended by the NRC 67 is 1000 IU/kg dry matter. 


Hyperparathyroidism may be primary, pseudo, or 
secondary. Regardless of the cause, it results in a general¬ 
ized osteodystrophy in the horse. Primary hyperparathy¬ 
roidism is extremely rare in the horse. It occurs when 
there is excessive, uncontrolled secretion of parathyroid 
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hormone (i.c., parathormone, PTH). The parathyroid 
gland may be histologically normal 28 or neoplastic. One 
of the authors (C.J.S.) has had only one horse diagnosed 
at necropsy with neoplasia of the parathyroid glands, 
resulting in primary hyperparathyroidism. The horse 
presented in an emaciated, catabolic state (presumed to 
be cancer cachexia) antemortem and had a greatly ele¬ 
vated serum calcium concentration. Pseudohyperpara¬ 
thyroidism is a result of the secretion of parathyroid-hke 
substances from nonparathyroid gland tumors and has 
been diagnosed in the horse especially in association with 
lymphoma (lymphosarcoma), gastric squamous cell car¬ 
cinoma, and mesothelioma. Both primary hyperparathy¬ 
roidism and pseudohyperparathyroidism generally cause 
hypercalcemia. 

In contrast, the plasma calcium concentration is usu¬ 
ally normal or slightly decreased in secondary hyperpar¬ 
athyroidism. Secondary hyperparathyroidism is a com¬ 
pensatory response to hypocalcemia. It may be a result 
of nutritional imbalances and, possibly in the horse, the 
result of chronic renal disease. In most species, chronic 
renal disease results in phosphorus and parathyroid hor¬ 
mone retention and a decreased production of the active 
form of vitamin D. Plasma calcium concentration gener¬ 
ally remains normal until late stages of the disease, when 
it may be decreased. In the horse, however, chronic renal 
disease usually results in hypercalcemia because of a de¬ 
crease in urinary calcium excretion, and hypercalcemia 
inhibits parathyroid hormone secretion. 

Nutritional secondary hyperparathyroidism (NSH) is 
called by a variety of names, including big-head (because 
of the enlarged facial and mandibular bones in severely 
affected horses), bran disease (because excessive bran 
(high in phosphorus) intake will cause NSH( or Miller’s 
disease (because in previous years byproducts of the mill¬ 
ing process were high in phosphorus and could induce 
NS 11 when fed to horses), and osteodystrophia fibrosa 
(because the resorbed bone is replaced by fibrous connec¬ 
tive tissue). Nutritional secondary hyperparathyroidism 
occurs as a result of prolonged ingestion of a calcium- 
deficient ration, or a radon low in calcium with respect 
to substances that bind it and decrease its absorption. 
Excessive amounts of phosphorus and oxalates in the 
ration are most commonly responsible for decreasing 
calcium absorption, allowing a relative calcium defi¬ 
ciency, and causing NSH. '^ 92 ‘ 97,108,119 If hyperphospha¬ 
temia occurs, it may also decrease renal formation of 
active vitamin D (1,25-dihydroxycholecalciferol), thus 
decreasing intestinal calcium absorption, and diminish¬ 
ing the inhibitory effect of the 1,25-dihydroxycholecal- 
ciferol on parathyroid hormone. 

A ration containing a Ca:P ratio of less than 0.8:1 for 
the growing horse or 0,5:1 for the mature horse may 
cause NSI1. It is recommended that a Ca:P ratio of 
greater than 1:1 be maintained in the ration for all horses 
(e.g., 1.3 to 1.5:1 Ca:P). Bran contains approximately 
1.3% phosphorus and 0.1% calcium, as compared to 
0.3% calcium required in the mature horse’s diet and 
0.7% calcium required in the weanling’s diet* 8 Thus, 
the intake of high amounts of bran results in a calcium 
deficiency and a low Ca:P ratio, resulting in NSH and 
giving rise to the name “bran disease.” It is interesting 
that Savage et a). 88 fed excessive amounts of phosphorus 
[i.e., 388% of the phosphorus recommended In the 


NRC* 7 J combined with the NRC* 7 recommendation for 
calcium to growing foals for 16 weeks, yet no macro¬ 
scopic signs of NSH were observed. Wing of ilium bone 
biopsies were performed on these foals and compared 
to foals fed NRC* 7 requirements (i.e., control foals). The 
foals fed excessive phosphorus had increased cortical 
bone porosity (p = 0.001), and there was a trend to¬ 
wards decreased cancellous bone volume. N " More than 
16 weeks of feeding diets likely to induce NSH may be 
required to induce the disease clinically; or the amount 
of calcium fed, despite the excessive phosphorus level, 
may have halted clinical progression in these foals. 

Excessive amounts of oxalates may be present in some 
plants, e.g., Setaria sphacelate Panicum (giant blue or 
green panic grass), Paspalum spp., Sparobolus spp., 
Cencbrus ciltarts (buffet grass), I laiogeton, greasewood, 
beets, docks, and rhubarb leaves. Plants containing oxa¬ 
lates often have a red color to their leaves or stems. These 
plants may contain 1 to 2% oxalate and less than 0.3% 
calcium. 1 9 Adding 1 % oxalate to a pony’s diet contain¬ 
ing 0,45% calcium has been shown to cause a decreased 
calcium absorption with no change in urinary calcium 
excretion, resulting in a negative calcium balance. 108 
Thus, if the horse consistently eats sufficient quantities 
of these plants over an extended period of time, it may 
result in NSH. In addition, very rarely insoluble oxalate 
crystals may be deposited in the kidneys, resulting in 
kidney damage. However, renal manifestations of oxa¬ 
late toxicity are not common in horses. 18 

Inadequate calcium intake or excessive ingestion of 
phosphorus (or oxalate), which decreases calcium ab¬ 
sorption, will decrease the plasma calcium concentra¬ 
tion. Reduced plasma calcium concentration stimulates 
parathyroid hormone secretion, which stimulates cal¬ 
cium and phosphorus mobilization from the bone, renal 
calcium reabsorption, and renal phosphorus excretion. 
Thus, the effect of an increase in parathyroid hormone 
secretion and a decrease in calcitonin secretion is to 
maintain a normal (or elevated) plasma calcium concen¬ 
tration and a normal (or decreased or increased) plasma 
phosphorus concentration at the expense of bone demin¬ 
eralization. Homeostatic mechanisms are very effective 
at maintaining the calcium and phosphorus serum levels, 
hence it is rare to observe increased serum calcium and 
decreased serum phosphorus concentrations. As bone 
minerals are mobilized, they are replaced by fibrous con¬ 
nective tissue, leading to the condition called osteodys¬ 
trophia fibrosa. Fibrous deposition in the hone causes an 
enlargement in that region. Although the entire skeletal 
system is affected, it is most noticeable in the growing 
horse at the metaphyseal growth plate and may result in 
physitis, although this has not been confirmed experi¬ 
mentally. In the mature horse it is most noticeable in the 
facial bones, giving rise to the name “big-head.” Imma¬ 
ture horses arc more likely to be severely affected because 
of their higher rate of bone turnover. 1 

Other clinical signs and extensive bone demineraliza¬ 
tion may occur prior to an observable enlargement of 
the mctaphyscs or facial hones. An insidious shifting- 
limb lameness and generalized bone and joint tenderness 
may occur. Radiographic changes include a decrease in 
bone density and mottling of the bone. Although demin¬ 
eralization is generalized, different degrees of demineral¬ 
ization may occur in various parts of the skeletal system. 
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It is rare to find two limbs that have the same degree of 
demineralization/ However, lameness may be present 
for several months before radiographic changes are evi- 
dent. 56 To be radiographically detectable, 30 to 60% of 
the mineral content of the bone must be lost. 51 Later, 
enlargement of the facial bones and mandible usually 
occurs. This may result in the teeth becoming loose or 
falling out. Fractures of long bones and compression 
fractures of the vertebrae may occur. Plasma alkaline 
hosphatasc levels are often increased. 1(1 Diagnosis must 
c based on an evaluation of the ration consumed, 
as well as urinary fractional excretions of calcium and 
phosphorus. These, especially the fractional excretion of 
phosphorus, arc invaluable in recognizing the syndrome, 
as thev reflect the dietary intake of these minerals (i.c., 
expect a low-to-normal calcium fractional excretion and 
a high-to-norma I phosphorus fractional excretion). Ex¬ 
cessive serum concentration of intact parathyroid hor¬ 
mone is also indicative of NSH, especially in combina¬ 
tion with dietary analysis, radiographic alterations, and 
low-to-normal serum/plasma calcium (total or ionized) 
and high-to-normal scrum/plasma phosphorus. 

Treatment is strictly dietary. The ration is corrected 
by increasing calcium and decreasing phosphorus intake 
to levels needed by the weanling (0.7% calcium and 
0.5% phosphorus in the total ration dry matter* 8 ). Plants 
containing oxalates should also be restricted from the 
diet. One of the authors (C.J.S.) often uses a calcium to 
phosphorus ratio of 2:1 to 4:1 for a period of 6 to 12 
weeks after diagnosis, before decreasing to the high side 
of recommended values. Lameness usually disappears 
within 6 weeks after the ration is corrected, unless frac¬ 
tures arc present. Generally, little regression in the size 
of the enlarged bones of the skull will occur. 1 *’ Younger 
horses have a greater chance of their enlarged facial 
hones diminishing in size because of their greater rate of 
bone remodeling, compared to adult horses/' 1 

Vitamin D Imbalances 

Vitamin D not only promotes inresrinal calcium and 
hosphorus absorption and renal calcium rcabsorption, 
ut it is necessary for parathyroid hormone mobilization 
of calcium from the bone. Collectively, these actions as¬ 
sist in maintaining the normal plasma calcium and phos¬ 
phorus concentrations necessary for the ossification of 
endochondral cartilage. Either an excess or a deficiency 
of vitamin D results in bone abnormalities. 

Vitamin D i is present in sun-cured feeds. In addition, 
7-dchydrocholcsrcrol, which is synthesized in the body, 
is converted in the skin by ultraviolet rays from the sun 
to previtamin D*. This conversion occurs even during 
cloudy, overcast days. It does not occur, however, when 
sunlight shines through glass, since glass filters out ultra¬ 
violet rays. Previtamin D* and vitamin D 2 are both con¬ 
verted to the active form in the kidney and arc utilized 
by the horse. If the animal receives either sun-cured feeds 
or is outside 3 to 4 hours a day, a vitamin D deficiency 
will not occur. Horses that are stabled every day and 
never allowed access to direct sunlight for more than 1 
hour should have 2500 to 5000 IU of vitamin D added 
to the ration daily; however, this is a very rare occur¬ 
rence. This is the only situation in which vitamin D sup¬ 


plementation might be needed. Note that no amount of 
vitamin D will compensate for inadequate calcium or 
phosphorus or an improper Ca:P ratio in the diet. Di¬ 
etary calcium and phosphorus imbalances in the horse’s 
diet are much more common than vitamin D imbalances 
and can be diagnosed only by evaluating the horse's ra¬ 
tion as described in Lewis 5 * and by the NRC/ 

Vitamin D Deficiency 

A vitamin D deficiency is characterized by a lack of 
hone calcification, osteosclerosis, osteomalacia, and os¬ 
teitis fibrosa. 26 It produces a highly stable cartilage ma¬ 
trix, which is uncalcified and difficult to resort). The car¬ 
tilage cells do not degenerate, but instead build up to 
produce a large, more nonresorbable matrix. This pro¬ 
duces a palpable and observable broadening of the me- 
taphyses. In severe or chronic cases, affected animals arc 
reluctant to stand and do so with difficulty and pain. 

Vitamin D Toxicity 

Feeding greater than 22,000 to 50,000 IU of vitamin 
D daily for several months, or higher levels for a shorter 
period of time, may result in vitamin D toxicity. 1 |l! The 
maximum tolerance level recommended by the NRC*' 
is 2200 IU/kg dry matter feed. Ponies fed 3300 lU/kg of 
body weight daily died within 4 months. Severe signs of 
vitamin I) toxicity occurred in horses fed 200,000 IU/ 
day for several months and in horses given 2 injections 
weekly of 4,000,000 IU of vitamin D for 2 months/’ 5 
Vitamin D toxicity may also occur from the ingestion of 
Oestrum d'wrnum (jasmine, wild jessamine, or king-of- 
the-day), 4 * Solanum malacoxylon, or llisetum flavescens 
(golden or yellow oat grass). 5 Oestrum species is an or¬ 
namental plant found in subtropical areas of Texas, Cali¬ 
fornia, and Florida. These plants contain a substance 
similar to the active form ol vitamin D. 

Excessive vitamin D stimulates intestinal calcium ab¬ 
sorption resulting in hypercalcemia, which inhibits nor¬ 
mal osteocytic osteolysis. 14 Hypercalcemia decreases 
parathyroid hormone secretion and stimulates calcitonin 
secretion, which, in conjunction with the inhibition of 
osteocytic osteolysis, decreases bone resorption. The de¬ 
crease in bone resorption results in osteopetrosis and hy¬ 
pophosphatemia. Higher levels of vitamin D cause fur¬ 
ther inhibition of osteocyres, possibly resulting in 
osteonecrosis. Osteonecrosis and vitamin D toxicity in¬ 
duce atrophy of osteoblasts, resulting in osteopenia and 
osteoclasis. 1 '* Inhibition of cartilage maturation and ces¬ 
sation of cell proliferation in the articular cartilage and 
metaphyseal growth plate decreases growth. Soft tissue 
calcinosis also may occur. 

Clinical signs of vitamin D toxicity observed in the 
horse include: a chronic debilitation with decreased feed 
intake, decreased growth, or loss of body weight; poly¬ 
uria; polydipsia; exostosis; generalized stiffness; pain 
with a reluctance to move, especially the first few steps; 
and sensitivity to palpation of tendons and suspensory 
ligaments/ s " s The diagnosis is based on evidence of ex¬ 
cessive vitamin D intake or administration, clinical signs, 
and hypercalcemia. Treatment is to prevent the adminis¬ 
tration of vitamin D. 
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Vitamin A Imbalances 

Vitamin A may be inadequate in rations routinely fed 
to the horse. The precursor of vitamin A, beta-carotene, 
is present in all green forages at concentrations many 
times over the horse’s requirements. However, its con¬ 
tent in the forage decreases as the forage matures and 
when it is stored for a period of time, A rough approxi¬ 
mation of the amount of beta-carotene present in forage 
is judged by the amount of green color. Unless forage is 
brown or yellow, it will contain more than enough beta- 
carotene to meet the horse’s vitamin A requirements. In 
addition, the liver is able to store sufficient quantities of 
vitamin A to supply the animal’s requirements for 3 to 
6 months. 

Both a deficiency and an excess of vitamin A can cause 
similar clinical syndromes. Ponies 4 to 9 months old that 
are fed rations providing less than 10 or greater than 
1800 IU of vitamin A per lb of body weight daily gained 
20 to 30% less weight, grew 43% less in height, had 
duller haircoats, and had lower packed cell volumes, 
fewer red blood cells, and lower plasma albumin concen¬ 
trations than those receiving 18 IU of vitamin A per lb 
of body weight daily. 23 

A vitamin A deficiency has not been identified as a 
clinical cause of skeletal problems in the horse. 44 How¬ 
ever, a severe vitamin A deficiency may lower the ani¬ 
mal's resistance to infectious diseases such as pneumo¬ 
nia, diarrhea, and endometritis. Excessive lacrimation, 
night blindness, and photophobia arc suggestive of a vi¬ 
tamin A deficiency. The hair may become rough, dry, 
dull, and brittle. In addition, there is poor muscle tone, 
severe depression, ataxia progressing to lateral recum¬ 
bency with a failure to respond to external stimuli, and 
finally death/ 1 In other species a severe vitamin A defi¬ 
ciency has been shown to decrease endochondral bone 
- * 

growth and cause abnormal bone remodeling. 

Selenium Toxicity 

Three selenium toxicity conditions occur: 1) acute 
toxicity from excessive selenium administration, 2) sub¬ 
acute toxicity called blind staggers, and 3) chronic toxic - 

itv called alkali or bobtail disease. In contrast to a sele- 

* 

nium deficiency that most commonly affects the foal, 
selenium toxicity most commonly affects the adult. 

Acute toxicity is caused by the ingestion of greater 
than 500 to 1000 ppm of selenium in the dry ration 
or 2 to 11 mg of selenium per kg body weight, or the 
administration of greater than 0.8 to 2 mg/kg parenter- 
ally. Acute selenium toxicity causes nervousness and fear 
initially and later depression, anorexia, diarrhea, fever, 
generalized muscular weakness resulting in ataxia, trem¬ 
bling, paresis, and respiratory distress. Respiratory dis¬ 
tress is associated with pulmonary edema and results in 
cyanosis, coma, and death. Death occurs from several 
hours to several days after excessive selenium intake. 
There is no treatment for acute selenium toxicity. 

Subacute and chronic selenium toxicity occur in all 
herbivores from the ingestion of plants containing 
greater than 2 to 5 ppm of selenium in their dry matter 
content. There are limited areas, particularly in the 
Rocky Mountains and Great Plains areas, which have 


selenium levels high enough in the soil to result in toxic¬ 
ity from the ingestion of plants grown on these soils. 
Any soil containing greater than 0.5 ppm selenium is 
potentially dangerous. Soil in some of these areas may 
contain 50 ppm. Early settlers to these areas called 
chronic selenium toxicity “alkali disease” because they 
saw the condition occurring in animals grazing plants 
rowing on alkaline soils and believed the cause was the 
igh salt content of the water in these semiarid regions. 
Selenium toxicity occurs more commonly on alkaline 
soils because selenium is taken up by the planrs (i.e., 
accumulator plants) more readily as soil pH increases. 

Subacute selenium toxicity (“blind staggers”), is 
caused by the ingestion of plants that accumulate sele¬ 
nium from the soil. There are two types of these plants: 
obligate selenium accumulators or indicator plants, and 
facultative or secondary selenium accumulators. 141 " In¬ 
dicator plants accumulate selenium at levels up to 100 
times that present in other plants in the same area. They 
may contain levels as high as 10,000 ppm even on soils 
containing only moderate amounts of selenium. These 
plants require selenium for growth and are thus named 
obligate accumulators. Since they require selenium, they 
grow' only on relatively high selenium-containing soils 
on which many other plants will not grow' and are thus 
named selenium indicator plants. These plants include 
certain Astragalus spp. (milk vetches). Aster xylorrhtza 
(woody aster), Oonopsis (golden weed), and Stanleya 
(prince’s plume). Their selenium content is highest dur¬ 
ing growth. These plants have a garlic-sulfur odor w hen 
their selenium content is high, and the odor increases 
w'hen their leaves are rubbed together. Because they are 
relatively unpalatable, most animals will not eat them if 
ample quantities of other feed are available. As a result, 
these plants are not a common cause of selenium toxic¬ 
ity. However, like many poisonous plants, they are one 
of the first plants to become green in the spring. They 
may be eaten at that time by an animal looking for any¬ 
thing green and lush. 

Facultative or secondary selenium accumulators do 
not require high selenium soils for growth, but when 
grow ing on scleniferous soils, they may accumulate lev¬ 
els up to 10 times that of nonaccumulator plants in the 
same area. These plants may contain from 25 to a few 
hundred ppm of selenium in their dry matter content. 
They include Asters or Machaerantbera, Atriplex (four- 
winged salt bush), Agropyron (wheat grass or blue stem), 
Sideranthus , Gutierrezia sarothral (broomweed, snake¬ 
weed, or matchweed), Grindelia squarrosa (gumweed), 
Castilleja, and Cumandra. When grown where soil selen¬ 
ium content is not high, some oi these plants are good 
feed. These plants and, less commonly, nonaccumulator 
or passive accumulator planrs are often responsible for 
causing selenium toxicity. Most cultivated crops, plants, 
grains, and native grasses arc passive accumulator or 
nonaccumulator plants when soil selenium content is 
high. They may contain from I to 30 ppm selenium in 
their dry matter content. 

Blind staggers are caused by the ingestion of greater 
than 2 mg of selenium/kg of body weight. The minimum 
lethal dose of selenium for the horse is 3.3 mg/kg of body 
weight. These amounts of selenium intake are caused by 
eating indicator plants, often in a single feeding. How¬ 
ever, they may be eaten over several days or w'eeks. Fre- 
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qucntly, clinical signs are similar to those occurring with 
acute selenium toxicity. If signs of acute toxicity do not 
occur, the animal suffers impaired vision and wanders 
aimlessly, frequently in circles, often stumbling and 
showing signs of ataxia. Therefore, a common name for 
this condition is blind staggers. Anorexia and often a 
dark, watery diarrhea and pica occur. These signs are 
followed by any one or more of the following: l) blind* 
ness, often with inflamed, swollen eyelids and a cloudy 
cornea, 2) respiratory distress, occasionally with a 
bloody froth from the nose, 3) an inability to swallow, 
4) excess salivation and lacrimatton, 5) teeth grinding, 
6) colic, 7) recumbency, and 8) death from respiratory 
failure. 

The course of the disease from onset to death is from 
a few hours to several days. 

Chronic selenium toxicity is caused by rhe consump 
tion of a ration containing 5 to 10 ppm selenium in its 
dry matter content or greater than 10 ppb in the water, 
resulting in a selenium intake of 0.5 to 2 mg of selenium 
per kg of body weight. This results in anorexia and a 
poorly functioning animal progressing to listlessness and 
emaciation. Other manifestations of the disease occur as 
a result of the replacement of sulfur hv selenium in sul¬ 
fur-containing amino acids in body proteins. These 
amino acids are quite high in keratin and are present in 
the hooves and hair. The hair becomes rough, coarse, 
and brittle and is often lost from the mane and swatch 
of rhe rail, which gives rise to the name “bobtail disease.** 
The coronet swells, and transverse grooves appear on 
the hooves that are more pronounced than grooves sec¬ 
ondary to laminitis. 4 ' 1 The grooves may crack and the 
hooves may slough off. More often the hoof remains 
attached, and the toe grows long with a dorsal concavity 
because pain in that area leads to less wear. Affected 
animals may have a stiff-legged gait. In addition, articu¬ 
lar erosions may occur, especially in the hock and fetlock 
joints. 4 ** Massive soft tissue calcification may occur. The 
cardiac muscle may contain several hundred times its 
normal calcium content. There mav be decreased circula¬ 
tion to the extremities, making ifiem more susceptible 
to freezing during cold weather. Although only limited 
amounts of selenium cross the placenta, ’ excessive se¬ 
lenium ingestion by the mare during pregnancy may re- 
sulr in deformities in the foal ar birth. ‘ 1 

Selenium toxicity is probably present in animals 
showing the clinical signs described if greater than the 
following amounts of selenium arc found: 5 ppm in the 
total ration dry matter; 10 ppb in the drinking water; 
0.3 ppm in blood, plasma or serum; 5 to 20 ppm in 
hair or hoof; 2 to 3 ppm in liver or kidney wet weight. 
Selenium toxicity must be differentiated from laminitis, 
freezing of the extremities, ergot toxicity, and fluorosis. 

Treatment and prevention of both subacute and 
chronic selenium toxicitv mav be achieved with anv one 

f 4 * 

of the following: I) providing salt containing 40 ppm of 
arsenic, 2) providing drinking water containing 5 ppm 
of inorganic arsenic, or 3) feeding a ration containing 
50 to 100 ppm of arscnitic acid. 

Arsenic has been shown to increase biliary excretion 
of selenium in rars and is reported to be beneficial in 
the treatment of selenium toxicity in livestock. 1 ' Arsenic 
tnrake should be closely controlled as excesses are toxic. 
An additional treatment for selenium toxicity in the adult 


horse is to administer 4 to 5 g of naphthalene by mouth 
daily for 5 days, wait 5 days, and then repeat the dose 
for 5 more days." 1 Initially, Prostigmin administration 
may be beneficial in clearing the intestinal tract of sele¬ 
nium-containing plants. Affected animals should he re¬ 
moved from selenium-containing feeds and given a low 
selenium-containing grain and a high-protein ration 
(20% crude protein). Providing feeds low in selenium, 
when animals arc grazing in pastures containing plants 
high in selenium, also assists in prevention. Feeding high 
protein rations may also be protective (refer to Chapter 
8 for more information). 


Fluoride requirements are extremely minute, and 
therefore, deficiencies do not occur. Adding I to 2 ppm 
of fluoride to rhe drinking water decreases dental caries 
in humans by an average of 60%, particularly in chil¬ 
dren, This occurs because fluoride is deposited in the 
bone and teeth, increasing their crystallinity and hard¬ 
ness and decreasing their solubility, thus impairing os¬ 
teolysis. However, greater than 2.5 ppm of fluoride in 
the drinking water will result in mottled enamel during 
tooth development, but no orher effects are observed at 
levels of less than 8 ppm. Greater than 30 ppm of fluoride 
in the ration dry matter is toxic during growth, and 
greater than 50 ppm is toxic during maintenance. At less 
than 200 ppm, however, toxic effects may not occur in 
the adult for several years. Ingested fluoride accumulates 
in the bone and teeth throughout life and is therefore a 
cumulative poison. 

Some of the most common sources of excess fluoride 
are rock phosphates, phospharic limestone, or fertilizer 
grade phosphates that have not been defluortdated. 
These mineral sources may contain 2 to 5% fluoride 
prior to defluoridation; each 1% of any one of these 
phosphate minerals added to the ration will increase the 
ration’s fluoride content by 200 to 500 ppm. Manufac¬ 
turing plants or mining operations that process minerals 
containing fluoride (e.g., cryalite, a source of aluminum; 
fluospar; rock phosphates) and steel processing plants 
may release large amounts of fluoride into the air, con¬ 
taminating forage, soil, and water in nearby areas. Con¬ 
taminated forage is the most common cause of fluorosis 
in these areas. While forage grown on soils high in fluo¬ 
ride contains high levels of Huoride, cereal grain grown 
on the same soil is relatively unaffccrcd. Deep wells de¬ 
rived from underground phosphate rock formations may 
contain excess fluoride. 

Fluorosis is characterized almost entirely by signs in¬ 
volving the hone and teeth. It is very insidious and may 
be confused with any chronic debilitating disease. Teeth 
generally show the first signs of fluorosis. During the 
period of calcification, the tooth enamel becomes mot¬ 
tled. Affected teeth are often chalky-white in color with 
yellowish-brown-to-black mottling that cannot be re¬ 
moved by scraping. In severe cases the teeth become pit¬ 
ted, worn, and eroded to the extent that nerves may be 
exposed. As a result of these dental changes, eating and 
drinking cold water may be extremely painful. Feed and 
water intake decreases, resulting in decreased growth 
and weight loss. Periosteal hyperostosis, i.c., cnlargc- 
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mem, roughening, and thickening of the bone, occurs. 
Frequently this is first noticeable on the medial surfaces 
of tnc proximal one-third of the metatarsal bones. As 
the condition progresses, the mandible, metacarpal 
bones, and ribs become involved. These lesions result in 
spurring and bridging at joints, with subsequent stiffness 
and lameness. Radiographically, there is thickening and 
increased density of the bone. Grossly, the bones become 
chalky-white instead of ivory. 

Animals arc most commonly affected during growth, 
although the adult and the fetus may also be affected. 
Fluoride is transported across the placenta; 1 1 therefore, 
excessive intake by the mare during pregnancy may re¬ 
sult in mottling of the deciduous teeth of the fetus and 
a decrease in birth weight. 42 ' ' However, excess fluoride 
intake has a minimal effect on the fluoride content of 
milk, 42 so the nursing animal is not affected. 

Diagnosis of fluorosis is based on the clinical signs, 
finding feed or water fluoride concentrations greater 
than the values given previously, or finding greater than 
1300 ppm fluoride in ribs and caudal vertebrae (normal 
is less than 1200 ppm). The fluoride present in ribs and 
caudal vertebrae is 1.5 to 2 times greater than that pres¬ 
ent in other bones. 42 Urinary fluoride concentrations are 
sometimes measured but reflect only current, not past, 
fluoride intake (normal levels in Urine are 2 to 6 ppm 
fluoride). Milk and soft tissue fluoride contents are only 
minimally affected by dietary fluoride intake. 4 

The effects of fluoride toxicity are not reversible. In 
addition, no subsrance will completely prevent the toxic 
effects of excess fluoride intake; however, aluminum sul¬ 
fate, aluminum chloride, calcium aluminate, calcium 
carbonate or limestone, or dcfluorinated phosphate arc 
beneficial. One of these salts should be added at levels 
of 2 to 4% in the ration or mixed with equal parts of 
salt for free-choice consumption. The toxic effects can 
also be counteracted to some extent with green forage 
and liberal grain feedings. 
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Diseases of Bone and Related 
Structures 



Gary M. Baxter and A. Simon Turner 


PHYSIS 

Postnatal Development and Growth of the 
Musculoskeletal System 


Eventually, a subchondral bone plate forms, which is 
best imagined as a “mini” growth plate. This growth 
plate contributes to the size of the epiphyses and makes 
a small contribution to growth in the length of the bone. 


l ongitudinal bone growth results from a series of 
events occurring at highly specialized regions at one or 
both ends of the bone. These regions are referred to as 
the physes (growth plates or, more correctly, the meta¬ 
physeal growth plates). The process occurring at the 
growth plate, termed “endochondral ossification," is 
characterized by rapidly differentiating and maturing 
cartilage cells and the replacement of cartilage by bone. 

There arc two types of growth plates: discoid and 
spherical. The discoid growth plates are seen at the ends 
of long bones. Some bones have a physis at each end of 
the bone, whereas others, such as the third metacarpal/ 
metatarsal bone and the proximal and middle phalanges, 
have only one. A discoid physis is located between the 
metaphysis (the flared end of the bone char contains 
spongy bone) and the epiphysis. An apophysis (which is 
a type of discoid physis) is an epiphysis that is subject 
to tensile rather than compressive forces, such as at the 
olecranon process, calcaneal tuber, and tibia! tuberosity. 
The growth plate of an apophysis contains greater 
amounts of fibrocartilage than a true discoid physis, 
which is an adaptation to withstand tensile forces (Fig. 
6.1). 101 Spherical physes are located in the small euboi- 
dal bones of the foal’s carpus and tarsus. These growth 
plates develop into bones by centrifugal expansion 
around a central cartilage core. They begin to ossify in 
the center and gradually assume the contours of the bone 
of an adult as bone development reaches the margins of 
the cartilage model. 

Ossification of cartilage at one or both ends of long 
bones occurs early in life, forming the epiphyses. These 
develop in a manner similar to ossification of the carti¬ 
lage models of the small cuboidal bones of the carpus 
and tarsus. The cellular events consist of vcsiculation and 
chondrocyte death with calcification of matrix, invasion 
of vessels, and partial resorption and ossification. 101 


Morphology of the Physis 

The physis, or growth plate, has a characteristic cellu¬ 
lar architecture from birth until the animal matures. The 
cartilage cells of the growth plate can be divided into a 
number of zones, which differ in their height and cell 
number and with respect to their histologic appearance 
and cellular function. They are arranged more or less 
in longitudinal columns; cellular division occurs on the 
epiphyseal side of the cartilage while ossification pro¬ 
gresses from the metaphysis to the diaphysis (Figs. 6.2 
and 6.3). 


Germinal Zone 

The germinal (resting) zone, which is the zone nearest 
the epiphysis, is where cell division is initiated. The chon¬ 
drocytes undergo mitosis and begin to divide, primarily 
in a longitudinal direction, although some transverse di¬ 
vision occurs. They soon appear as small flattened chon¬ 
drocytes, providing elongation to the columns of cells. 
Epiphyseal vessels (arterioles and capillaries) are closely 
associated with early cellular events and may even pro¬ 
vide undifferentiated cells that can add to the pool of 
chondrocytes that will later divide. 

Resting chondrocytes are also elaborated peripher¬ 
ally, forming a cartilaginous ring. This specialized region 
of the perichondrium is called the “zone of Ranvier.” 
This ring remains in contact with the metaphyseal 
growth plate. It not only continues to grow on the epi¬ 
physeal side but gets resorbed on the diaphyseal side. 
This is one of the hallmarks of bone growth, i.c., it 
greatly depends on resorption (disappearance of bone) 
as well as bone formation. If, for example, hone resorp¬ 
tion did not occur and bone grew only in length, then 
the bone would be disproportionately long and thin. 
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Similarly in the diaphysis, if bone did not become re¬ 
sorbed from the inner surface (endosteal side), then con¬ 
tinued apposition of bone from the periosteum would 
produce a bone that was too thick with inadequate mar¬ 
row cavity. 

Proliferative Zone 

The proliferative, or growth, zone is where active cell 
division occurs within the physis. This zone can be quite 
large, compared with other areas of the growth plate, 
and can make up more than half of the overall height 
of the physis. Collagen that is randomly oriented in the 
region of the resting cells becomes more longitudinally 
oriented between the columns of proliferating cells. 

Zone of Hypertrophy 

After the cells are elaborated through cell division, 
they eventually undergo hypertrophy as a result of in¬ 
creased metabolic activity. At this stage, they no longer 
have the capability of dividing. The zone of hypertrophy 
lacks intercellular substance and is a structurally weak 
region of the growth plate. It is in this zone that physeal 
fractures occur and where trauma damages the physis 

(Fig- 6.3). 

Zone of Ossification 

The zone of ossification, or calcification, is the region 
in which the matrix between the cells gradually becomes 



Figure 4.2 High-powered view ot the cartilage of the distal 
radial physis of a horse. 


calcified, beginning with the formation of matrix vesi¬ 
cles. The next histologically distinct zone is the area of 
vascular penetration. There, blood vessels begin to in¬ 
vade the columns of calcifying cartilage, breaking down 
delicate transverse septa that have remained between the 
columns. The blood vessels also provide cellular compo¬ 
nents (osteoblasts) that will form bone and cells (chon- 
droclasts) that assist in removal of any remaining carti¬ 
lage. Osteoblasts elaborate the osteoid matrix, the 
organic part of bone, on the columns of calcifying carti¬ 
lage (which form a series of projections into the metaphy- 
sis). This forms longitudinally orientated bony spicules 
(inside is a cartilaginous core) in the region called “the 
primary spongiosa." Eventually, the bone of the primary 
spongiosa is replaced with secondary spongiosa. which 
lacks remnants of the cartilage core. As the bone elon¬ 
gates, hone at the diaphyseal end is eroded by osteoclasts 
at the same rate as new bone is formed on the epiphyseal 
side of the metaphysis. Thus there is a continuous se¬ 
quence of events, with cell division (bone formation) at 
one end and bone destruction (an important process) at 
the other, contributing to the final shape of the bone 
(Fig. 6.3). 

Vascularity of the Physis 

The blood supply to the growth plate originates from 
the epiphyseal, metaphyseal, and perichondral circula- 
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Figure 6.3 Cellular layers of the physis 
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lions, 1 ' 1 Transphyseal vessels (vessels crossing the 
growth plate) are present in large epiphyses and may 
serve as a route for spread of infection from the metaphy- 
sis to the epiphysis. The metaphyseal circulation forms 
a series of loops that penetrate the longitudinal septa * 
enlarging as they return toward the diaphysis, forming 
a sinusoid. This produces a sluggish pattern of blood 
flow within the physis, which predisposes the region to 
bacterial localization and osteomyelitis. 140 

The integrity of the blood vessels within the zone of 
Ranvier is important for continued appositional growth 
at the periphery of the epiphyseal growth plate. Disrup¬ 
tion of the blood supply of the perichondral region can 
potentially cause ischemia to the physis, contributing to 
asynchronous growth and a subsequent angular limb de¬ 
formity. 

Biomechanical Aspects of the Physis of 
Long Bones 

Although the exact mechanism is incompletely under¬ 
stood, tension and compression (within a physiologic- 
range) on the physis are essential for continued orderly 
bone development and growth. Each growth plate has a 
biologic range of both tension and compression within 
which it will respond. Within this range, increasing ten¬ 
sion or compression will accelerate physeal growth, 
whereas decreasing tension or compression will decrease 
physeal growth. 

Beyond the physiologic limits of tension or compres¬ 
sion, physeal growth may be significantly decreased or 
even stopped; the phenomenon is referred to as the 
Heutcr-Volkmann law of physeal growth (Fig. 6.4). 140 
This law has an important practical application in the 
management of foals with angular limb deformities. If 
it is assumed thar a foal with an angular limb deformity 
of the carpus (e.g., carpus valgus) is exerting an asym¬ 
metric load on the distal radial physis, then unrestrained 
exercise may cause physeal compression that is greater 
than the physiologic range. This prevents any autocar- 
rectum of the angular limb deformity, increasing the like¬ 
lihood that surgery may be required to alleviate the 
problem. 



Apart from the effects of pressure and tension on the 
growth plate, the periosteum acts as an anatomic (me¬ 
chanical) restraint to bone growth by attaching firmly 
at the zone of Ranvier and being only loosely attached 
to the diaphysis and metaphysis. Experimental circum¬ 
ferential resection of a portion of trie periosteum has 
been shown to accelerate longitudinal growth of that 
bone. Houghton and Dekcl 5 * measured the longitudinal 
growth of immature rat femurs placed intrapcritoncally 
in diffusion chambers. One femur had circumferential 
periosteal division and stripping, while the other acted 
as a control. After 14 days, there was significantly more 
overgrowth of the periosteally divided femurs than of 
the control femurs. The bones were under no influence 
of blood supply in these chambers, discounting the the¬ 
ory that periosteal transection alters bone growth hy in¬ 
terfering with metaphyseal vessels and subsequent is¬ 
chemia. These findings constitute the most logical 
explanation of why hemicircuinferential transection of 
the periosteum and periosteal elevation increase bone 
growth m foals with angular limb deformities. After 
transection of the periosteum, the tension on that side 
of the bone is relieved, allowing bone growth to continue 
at an increased rate. When the limb is straight, the perios¬ 
teum reattaches or regrows and presumably begins to 
reexert tension on the bone, preventing overcorrcction 
of the deformity. 


As growth of the bone ceases, the physis becomes pro¬ 
gressively thinner, and finally the epiphysis and meta ph¬ 
ysis fuse. 101,102 The cartilaginous growth plate is re¬ 
placed with trabecular bone, making it incapable of 
correcting any angular limb deformity. The timing of the 
physeal closure depends on the specific bone, with some 
bones closing early in life and others remaining open for 
several years. Most data on physeal closure are based 
on radiographic interpretation (loss of a visible physis). 
Functional physeal closure occurs well before radio- 
graphic closure, however, and this difference has impor¬ 
tant bearing on the timing of surgery used to correct 
angular limb defurnliries. 

In general, the further distal on the limb the physis is 
located, the sooner in life it will become functionally 
inactive. For instance, the distal mctacarpal/metatarsaI 
physes close sooner than the distal radial or distal tibial 
physes, making correction of angular limb deformities 
of the fetlock and pastern early in life more important 
than those of the carpus or tarsus. In addition, any injury 
to the physis, such as excessive pressure, direct trauma, 
traction, circulatory loss, or shearing forces, can lead to 
premature cessation of growth or asynchronous growth. 
This abnormal growth pattern is commonly associated 
with angular limb deformities, physitis, or bony malfor¬ 
mations (e.g., cervical vertebral malformationl. 64 *’ 154 


When an excessive force is applied to a joint and its 
nearby physis, an epiphyseal or physeal injury is likely 
to occur. This is because the cartilaginous growth plate 


Cessation of Growth 


Effect of External Trauma on the Physis 
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Figure 6.5 Dorsoptantar view of the distal metatarsus of a 
weanling with a chronic type 2 physeal fracture. 


is weaker than the surrounding bone, ligamentous struc¬ 
tures, and joint capsule. Physeal and epiphyseal injuries 
account for approximately 15% of all fractures in chil¬ 
dren and occur commonly in foals. Injuries that would 
normally produce a ruptured ligament or joint disloca¬ 
tion in an adult may produce traumatic separation of 
the physis in a young animal. For example, trauma to the 
fetlock region usually causes fetlock luxations in adult 
horses and a distal metacarpal/metatarsal physeal frac¬ 
tures in foals (Fig. 6.5). Joint luxations arc rare in young 
horses. 

Classification of Physeal Injuries 

The most widely accepted classification of growth 
plate injuries is based on the Saltcr-Harris system, which 
separates the injuries into six types. 117 This system has 
been applied to domestic animals, including horses, al¬ 
though at times somewhat artificially (Fig. 6.6). 13 The 
main purpose of the classification system in horses is to 
permit equine clinicians to communicate effectively 
when describing such injuries. Pediatricians have used it 
to correlate the injury with the method of treatment and 
prognosis with respect to growth disturbance. Some of 
this information is applicable to foals, but in many cases 


the prognosis and method of treatment may be drasti¬ 
cally different in foals than in children because of the 
dissimilarity in fracture repair between foals and chil¬ 
dren. 14 

Type 1 Injury 

Type 1 injuries are characterized hv a complete sepa¬ 
ration of the physis without any fracture through the 
bone; the germinal cells of the growth plate remain with 
the epiphysis (Fig. 6.6). In humans, this type of injury, 
which is the result of a shearing force, is more common 
in newborns (from birth injury) and in young children, 
who have relatively thick growth plates. 11 A similar 
type of injury occurs in foals and involves the proximal 
femoral physis (slipped capital femoral epiphysis). 

In children, closed reduction is not difficult because 
the periosteal attachment remains intact around most of 
the circumference of the physis. The prognosis in chil¬ 
dren for further growth is excellent, provided the blood 
supply to the physis is not damaged. The treatment and 
prognosis for this injury in foals, which almost exclu¬ 
sively involves the proximal femoral physis, are more 
variable. Closed reduction of a slipped capital femoral 
epiphysis is impossible, and conservative management 
usually leads to severe osteoarthritis of the coxofcmoral 
joint, 140 Therefore, open reduction and internal fixation 
with intramedullary <IM| pins, screws, or the dynamic 
hip screw (DHS) system is recommended. 61 The prog¬ 
nosis for athletic soundness in these foals is unfavorable, 
however, and most patients are euthanized without 
treatment.*’ 1 

Closed reduction for type I injuries at other locations 
in foals is also difficult. Minimally displaced injuries, 
such as may occur in the proximal humeral physis, may 
he treated without surgery with good results. 

Type 2 Injury 

Type 2 injuries are the most common type of physeal 
injury in children as well as in virtually all domestic ani¬ 
mals (Fig. 6.6). The fracture line extends along the physis 
for a variable distance and then breaks out through a 
portion of the metaphysis* producing a triangular me¬ 
taphyseal fragment (Fig. 6.5). Similar to nearly all phy¬ 
seal injuries, the germinal cells remain within the physis. 
This type of injury usually results from shearing and 
bending forces, in foals, the distal third metacarpal/met¬ 
atarsal physis commonly incurs this injury when the 
mare steps on the foal. The periosteum is torn on the 
convex side of the angulation but is intact on the concave 
side. Thus the intact periosteal hinge is always on the 
side of rhe metaphyseal fragment. IU A similar injury also 
occurs in the proximal tibia! physis in slightly older foals. 

Closed reduction with casting is usually possible for 
most metacarpal/metatarsal type 2 physeal injuries; both 
the intact periosteal hinge and the metaphyseal fragment 

f ire vent overreduction. These fractures can also be stabi- 
ized with internal fixation using lag screws. In foals, 
there is no real evidence to indicate to what degree this 
injury- interferes with growth. If the injury involves a 
physis that has minimal residual growth left (such as the 
distal physis of the third metacarpal/metatarsal bone or 
the proximal physis of the proximal phalanx), then rhe 
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Type 2 


Type 3 



Type 4 Type 5 Type 6 

Figure 6.6 Salter-Hanis classification of physeal injuries (Reprinted with permission from Salter RB, Harris 
WR. Injuries involving the epiphyseal plate. J Bone Joint Surg (Am} 196345587) 




potential for interference with growth is probably negli¬ 
gible. In contrast, type 2 fractures of the proximal tibial 
physis in young foals, which are best repaired w ith inter¬ 
nal fixation, may result in growth disturbances in the 
affected limb, because of the increased growth potential 
remaining in this physis. 

Type 3 Injury 

Type 3 injuries involve intraarticular fractures that 
extend from the joint surface to the deep zone of the 
physeal plate and then along the plate to its periphery 
(Fig. 6.6)". 11 This type of injury is uncommon in children 
and foals (Fig. 6.7). It is usually caused by an intraarticu¬ 
lar shearing force and is usually limited to the distal tibial 
physis in children. A foal with a type 3 injury requires 
open reduction and internal fixation to reconstruct the 


joint surface to prevent the development of secondary 
osteoarthritis. 

Type 4 Injury 

A type 4 injury is a fracture that is intraarticular, ex¬ 
tending from the joint surface through the epiphysis, 
across the enrire thickness of the physeal plate, and 
through a portion of the metaphysis (Fig. 6.6), In chil¬ 
dren, the most common example of this injury is a frac¬ 
ture of the capitulum of the humerus. This type of frac¬ 
ture does occur in foals, although rarely. 

Open reduction and internal fixation with lag screws 
is necessary nor only to restore a normal joint surface 
but also to obtain perfect apposition of the physeal plate. 
It has been observed in children that unless the fractured 
surfaces of the physeal plate are kept perfectly reduced, 
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Figure 6.7 Postmortem specimen of the distal tibial of a foal 
with a type 3 physeal fracture (black arrow) that presumably 
occurred secondary to infectious physitis The foal presented wilh 
infection of the tarsocrural joint; but radiographs revealed severe 
lysis within the physis. metaphysis (white arrow), and epiphysis of 
the distal tibia The fracture occurred a few days after the start of 
treatment 


fracture healing occurs across the plate and renders fur¬ 
ther longitudinal growth impossible. The prognosis for 
growth after a type 4 injury is poor unless perfect reduc¬ 
tion is achieved and maintained. 116 

Type 5 Injury 

Tyne 5 injury is uncommon in foals and children (Fig. 

It results from a severe crushing force applied 
through the epiphysis to one region of the physeal plate. 
It is seen in the knees and ankles of children and in the 
distal ulnar physis of dogs. Whether this injury occurs 
in foals is open to speculation. It may be associated with 
the distal third metacarpal/metatarsal phvses in cases of 
severe varus deformity of the fetlock or the distal radial 
physis with severe carpal valgus. Excessive trauma to 


one part of the physis may be responsible for the severity 
of these deformities, although this is difficult to docu¬ 
ment. 

Type 6 Injury 

Type 6 injuries arc characterized by the development 
of a periosteal bridge between the metaphysis and epi¬ 
physis (Figs. 6.6 and 6.8A). The new bone acts as a re¬ 
straint to growth on the affected side of the physis and 
has the same effect as a transphyseal staple or screws 
and wire. This rype of injury may occur as a result of 
excessive trauma during placement or removal of staples 
or screw s and wire, secondary to local infectious periosti¬ 
tis, or spontaneously from external trauma. 

Attempts to alter the growth on the opposite side of 
the physis usually results in only temporary improve¬ 
ment. Removal of the periosteal bridge, to help restore 
further growth, and transphyseal bridging on the oppo¬ 
site side of the physis are necessary to correct the problem 
(Fig. 6.SB). This approach was reported to resolve suc¬ 
cessfully type 6 lesions of the distal radial physis in three 
horses. 44 

DEVELOPMENTAL ORTHOPEDIC 
DISEASES 

Developmental orthopedic disease (DOD) complex is 
a group of abnormalities that occurs in foals and young 
growing horses. ,l ' 4 Terms that are often used inter¬ 
changeably with DOD are osteodystrophy and osteo¬ 
chondrosis, although such terminology is considered er¬ 
roneous. Most of the diseases included in the DOD 
complex can be attributed to alterations in hone growth 
or development (endochondral ossification) at either the 
metaphyseal or the epiphyseal growth plates. These in¬ 
clude physitis, angular limb deformities, osteochondritis 
dissecans (QCD), subchondral cystic lesions, cuhoidal 
bone collapse or incomplete ossification, juvenile arthri¬ 
tis, cervical vertebral malformation (CVM), and flexural 
deformities. 6 ‘ ,,l, ' < 

Clinical signs of these conditions are variable hut, be¬ 
cause this is an abnormality of developing hone, are usu¬ 
ally seen in young horses. Signs include some degree of 
lameness, alteration in posture or positioning of the limb, 
crooked legs, joint effusion, limb enlargement, ataxia 
(CVM only), and possible fractures. In addition, multiple 
DOD conditions may be present in the same animal. 

Although the exact cause for DOD is not known, 
there arc multiple risk factors that appear to predispose 
young horses to the development of these diseases. Many 
of the risk factors arc of human making (e.g., manage¬ 
ment and breeding practices), and others have been ex¬ 
trapolated from research work in other species. 17,5 ** 103 
For instance, breeding for rapidly growing offspring 
that, it is hoped, w'ill do better in the show ring and the 
feeding of rations high in energy and protein appear to 
predispose the animals to DOD abnormalities, presum¬ 
ably by contributing to rapid bone growth. 

Other risk factors are mineral imbalances (e.g., cop¬ 
per deficiency, excess zinc), trauma, and genetic predilec¬ 
tion. nHI '" Trace mineral deficiency—copper, in partic¬ 
ular—has been incriminated in physitis and angular 
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Figure 6.8 Dorsopatmar views of a yearling with a carpal varus 
deformity. A. An exostosis (arrow) bridged the medial aspect of the 
distal radial physis and was thought to be causing decreased 
growth on the medial aspect of the physis. contributing to the 

deformities in cattle 126 and has been shown to cause clin¬ 
ical signs and joint pathology consistent with osteochon¬ 
drosis in foals.* 5 * 66 Copper is required for the enzyme 
lysvl oxidase, which itself is necessary for collagen cross- 
linlkmg. Therefore, defective collagen cross-linking may 
impair the strength of bone collagen, producing essen¬ 
tially a “soft hone syndrome,” particularly in the me¬ 
taphyseal regions. 65 Excess zinc or alterations in the cal¬ 
cium to phosphorus ratio in the diet may also lead to 
clinical problems of DOD, but these are less well defined 
in horses than is copper deficiency. 11 s 

Trauma to the metaphyseal or epiphyseal growth 
plates can contribute to altered growth, subchondral 
none damage, and avulsion of defective bone, all of 
which may also predispose the horse to DOD conditions. 
Genetics most likely plays a role in the occurrence of 
these diseases, but its contribution is difficult to deter¬ 
mine. In most cases, however, the underlying cause of 
the DOD condition is multifactorial, usually obscure, 
and often never determined. 154 

Physitis 

Physitis (or, as it is more commonly referred to, epi¬ 
physitis) is an important generalized bone disease of 



deformity n ttie limb B. The exostosis was surgically removed 
(arrow), and transphyseat bridging was performed on the opposite 
side of the physis 1o attempt correction of the varus deformity. 


young growing horses characterized by enlargement of 
the growth plates of certain long hones. 15,1 It usually oc¬ 
curs in young, rapidly growing horses such as foals and 
weanlings and has a peak incidence between 4 and N 
months of age. Yearlings and even 2-year-old horses may 
develop the condition, however. The terms “physitis” 
and “epiphysitis” may be misnomers, since there is no 
active inflammation w ithin the epiphysis, phy sis, or me- 
taphysis of affected bones. 21 “Phy seal dysplasia" may be 
a more appropriate term, since the condition is charac¬ 
terized by a disruption of endochondral ossification 
within the physeal growth cartilage. This dysplasia 
leads to the classic signs of inflammation (heat, pain, and 
swelling) around the affected physis, how ever, contribut¬ 
ing to use of the common terms physitis and epiphysitis. 

Although the exact cause of phy sitis is unknown, it 
is most likely multifactorial and may differ from case to 
case. 1 '* For instance, in foals with multiple-limb involve¬ 
ment, a nutritional problem affecting the entire animal 
seems most plausible. In contrast, physitis involving one 
site is most likely the result of trauma or excessive 
compression of the affected physis. 111 Foals with severe 
lameness in one limb may develop phy otis and an angu¬ 
lar limb deformity in the contralateral limb because of 


I 
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excessive weight bearing. In many cases* however, phy¬ 
sitis appears to have a mechanical as well as a nutritional 
component. Affected animals are frequently heavily 
muscled and overweight and are being fed excessively 
for rapid growth. Regions of disturbed ossification 
within the phvsis from any of these factors arc suscepti¬ 
ble to trauma and may predispose the underlying sub¬ 
chondral bone to microtracrures. These microfractures 
could cause clinical signs of inflammation and poten¬ 
tially stimulate bone production and the remodeling that 
is often seen radiographically in horses with physiris. 

Physitis is often referred to as “physeal compression,” 
which further emphasizes the mechanical component of 
this condition. When compression is applied to a physis, 
an increased thickening of the physis occurs because of 
retardation of provisional calcification and increased 
survival of chondrocytes. 140 This is an autocorrection 
phenomenon in which the animal compensates for any 
minor angulation of the limb axis. If the compression is 
beyond the physiologic limits of the physis, however, 
complete arrest of endochondral ossification may occur 
(Fig. 6.4). The result is asynchronous physeal growth 
and the development of an angular limb deformity in 
conjunction with physitis. 

The clinical appearance of a horse with physitis is 
characterized by enlargement of the physes primarily of 
the distal aspects of the radius, tibia, and third metacar¬ 
pal and third metatarsal bones (Fig. 6.9), The metaphy¬ 
seal flaring results in an hourglass shape to the bones; 
the enlargement is often painful to deep palpation, and 
increased heat can be detected, Physitis of the distal as¬ 
pect of the cannon bones often involves all four limbs 
(Fig. 6.10), whereas the distal aspect of the radius and 
tibia are usually not involved concurrently. Foals with 
meracarpal/metatarsal physitis are usually younger than 
foals w r ith physitis in other locations. This may be related 
to the activity of the physes w ith respect to bone grow th 
at different ages. 

Lameness varies from slight stiffness in gait to overt 
pain and a reluctance to stand. 11,150 Severely affected 
animals may have concurrent angular limb (Fig. 6.11) 
or flexural deformities because of disturbed physeal bone 
growth and chronic pain, respectively. In addition, phy- 



Figure 6.9 Typical swellings on the medial aspects of the distal 
radial physes (arrow) seen in weanlings or yearlings with physitis 
This filly had been receiving an excessive amount of corn as a 
concent rate in her diet. 



Figure 6.10 A 4-month-old Paint colt with severe physitis of all 
four distal cannon bones Mote the large swellings ot the distal 

metatarsal physes as well as varus deformities of both rear 
fetlocks (arrows). 


sitis and osteochondrosis affecting the cervical vertebrae 
may predispose the animal to the vertebral column mal¬ 
formations seen with ‘Wobbler syndrome” in young 
horses. Severe malformation results in a compressive my¬ 
elopathy, and a neurologic deficit is appreciated clini¬ 
cally (Fig. 6.12). 

The most common radiographic abnormality ob¬ 
served with physitis is para physeal bone production, 
w hich is often termed “physeal lipping” or “metaphyseal 
flaring,” 19,150 Widening of the physis, asymmetry of the 
metaphysis, wedging of the epiphysis, metaphyseal scle¬ 
rosis adjacent to the physis, and an asymmetry of cortical 
thickness resulting from altered stress on the limb are 
less commonly observed (Fig, 6.13). Concurrent angular 
limb deformities or osteochondrosis lesions may also be 
present. 150 

One of the first steps in treating physitis is to evaluate 
the feed ration (see Chapter 5). A geographic nutritional 
deficiency often exists, especially w hen multiple animals 
are affected. The ration should be altered accordingly, 
and many times a reduction in the body weight or the 
growth rate of the animal is advised. In general, the 
quantiry of protein and energy fed to affected horses 
should be decreased by feeding less grain and protein 
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Figure 6.11 Physitis of the medial aspect of the distal radius in 
a 12-month-oW colt, which occurred after being kicked in this area 
{arrow). A varus deformity of the carpus developed after the 
trauma (lines) 



Figure 6.12 Lateral view of the proximal cervical region of a 
young horse with clinical signs of severe neurologic disease. Note 
the significant malalignment of the vertebral column (arrow), 
presumably caused by a developmental abnormality of the bones 


supplements and by either decreasing the quantity of al¬ 
falfa hay or replacing it with good-quality grass hay. 
With nursing foals, the milk production of the mare 
should he decreased, if possible. In recent years, many 
feed companies have developed specific balanced rations 
for growing horses to minimize the development of phy¬ 
sitis and other DOD diseases (e.g.. Equine Junior, Purina 
Mills, Inc., St. Louis, MO). We have minimal experience 
with the success of these rations. 

Nonsteroidal anti-inflammatory drugs (NSAlDs) are 
indicated in most cases to decrease physeal inflammation 
and to improve the animal’s stiff gait. NSAIDs help di¬ 
minish pain and prevent the development of flexural de¬ 
formities. These drugs may he required for 2 to 4 weeks 
at low doses (oral phenylbutazone, every other day, 
works well). Further trauma to the physis should he pre¬ 
vented by minimizing exercise (confinement) and cor¬ 
recting predisposing causes, such as angular limb de¬ 
formities. Fortunately, mild cases of physitis are often 
self-limiting and resolve when skeletal maturity is 
reached and growth of the affected physis ceases. 14 " 
More severe cases of physitis that have concurrent or¬ 
thopedic abnormalities may cause residual problems se¬ 
vere enough to limit future athletic soundness. 

Angular Limb Deformities 

Causes of angular limb deformities in foals include 
laxity of periarticular supporting tissues, defective or de¬ 
layed ossification of the tarsal or carpal cuboidal hones, 
direct trauma to the physis (as from concussion or frac¬ 
ture), traumatic luxation or fracture of the carpal hones, 
and asynchronous longitudinal growth of the metaphysis 
and epiphysis. By far the most common reason for angu¬ 
lar limb deformities in foals is asynchronous metaphy¬ 
seal growth. For often-unexplained reasons, one side of 
the physis grows faster than the other, resulting in a de¬ 
viation of the normal limb axis.* 4 

Trauma in the form of abnormal pressure across the 
growth plate is believed to he one of the principal under¬ 
lying causes of asynchronous growth.* 4 Trauma may re¬ 
tard calcification of the matured and dying chondro¬ 
cytes, resulting in thickening of the physeal plate with an 
increasing number of chondrocytes at the hypertrophied 
cell layer. If pressure is excessive, chondrocytes may 
undergo necrosis, and the physis may prematurely close 
or growth is slowed. Any tactor resulting in asymmetric 
loading across a growth plate can lead to this sequence 
of events, resulting in an angular limb deformity'. 4 ' Such 
factors include joint laxity, malpositioning in utero, hv- 
oplasia of the cuboidal bones, poor foot trimming, 
eavy musculature, excessive activity in foals, or lame¬ 
ness in the opposite limb. ,4<l 

“Valgus” and "varus” arc terms used to describe an- 
ular limb deformities in foals. These terms, however, 
avc led to confusion not only in the human literature 
but also in the veterinary field.*" Valgus and varus indi¬ 
cate a shift outward and inward, respectively, of the dis¬ 
tal limb from midlinc (distal to the site of origin). 6 " Typi¬ 
cally, the deviation is further characterized by the joint 
of origin of the angulation. For instance, carpal valgus 
refers to a deformity in which the carpus is the site of 
the lesion and the limb distal to this joint (the third meta- 
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Figure 6.13 Anteroposterior (AP) (A) and lateral (B) views of 
the fetlock ot a foal with severe epiphysitis, showing broadening 
and asymmetry of the metaphysts and metaphyseal sclerosis. 


carpal bone and phalanges) is deviated away from the 
midlinc of the body (Fig. 6.14). A carpal varus is when 
the third metacarpal bone and the fetlock are deviated 
toward midline, distal to the carpus (Fig. 6.1 l), l> 

Carpal valgus is the most common angular limb de¬ 
formity seen in foals, followed by fetlock varus, carpal 
varus, and tarsal valgus. 42,43,64 Tarsal varus is rare, as 
are deviations of other parts of the limbs. 42JO ' Foals with 
true angular limb deformities caused by asynchronous 
growth are typically not lame. If lameness is present, 
physeal trauma, fracture, or collapse of the cuboids I 
bones should be suspected as the cause of the limb defor¬ 
mity I F ig. 6.15). 

Radiographs provide the most conclusive evidence for 
the location of the angular limb deformity. In the case 
of asynchronous growth across the distal radial physis, 
the deviation arises from the distal metaphyseal region 
rather than within the carpus. This can be verified by 
drawing lines along the long axes of the bones that bisect, 
in the case of a deviation of the carnal joint, rhe radius 
and the third metacarpal bone. M,,,l ‘ ‘ The lines bisect at 
rhe “pivot point'” (Fig. 6.16). The pivot point in asyn¬ 
chronous growth of rhe distal radius is located within 
the distal radial physis, and the only radiographic abnor¬ 
mality is limb deviation. 





Note the asymmetry of cortical thickness as a result ot altered 
stresses on the limb 


Wedging of the epiphysis on the concave side of the 
deviation often accompanies limb deviation, but this 
usually resolves when rhe limb straightens (Fig. 6.17). 
Abnormal contour (shape) of the carpal cuboidal bones 
may also he present with severe carpal valgus, which 
usually resolves once the limb deviation is corrected. Se¬ 
vere abnormalities or crushing of the carpal or tarsal 
bones in conjunction with angular limb deformities is, 
however, a major concern and may contribute to perma¬ 
nent lameness problems even after the deviation is cor¬ 
rected. 

An important factor in correcting an angular limb de¬ 
formity is restriction of exercise. Foals, by their nature, 
will do everything possible to stay near their dams early 
in life, and overactivity may cause or perpetuate physeal 
trauma. Restricting the foal’s exercise by confining the 
marc and foal to a large box stall or a stall and run helps 
minimize further trauma. Hu This should be continued 
until the limb has straightened. Foot trimming (or bal¬ 
ancing) may also help minimize asymmetric physeal 
loading. The foot should he trimmed only to balance it, 
however, not to correct the angular limb deformity (see 
Chapter 9 for more information). Frequent revaluations 
(e.g., every 2 weeks) chat include radiographic examina¬ 
tion should be performed to monitor the progress of con- 
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Figure 6.14 Typtcal clinical appearance of a young foal with 
bilateral carpal valgus resulting from asynchronous growth of tbe 
distal radial physis The distal aspects of the limbs deviate laterally 
relative to the carpi 



Figure 6.15 A 2-month-old foal with a valgus deformity of the 
right front carpus (white arrow). The foal was lame at a walk and 
painful to carpal flexion. Radiographs revealed carpal bone 
fractures with collapse of the bones, leading to the angular 
deformity. 


servative therapy. Confinement and minor foot trim¬ 
ming can correct a large proportion of foals with angular 
limb deformities and should always be used as the initial 
therapy, if possible. Aggressive trimming of the foot may 
lead to concurrent angular deformities elsewhere in the 
limb, however, which may worsen the overall condition 
of the foal. 

The growth plate of the distal aspect of metacarpus/ 
metatarsus closes by 2 to 3 months of age, which de¬ 
creases the time available for conservative therapy. In 
most cases, angular limb deformities of the fetlock or 
phalanges should he treated surgically within 30 to 45 
days of age or sooner if the defects arc worsening. Frctz ct 
al. 4 ’ analyzed a series of foals treated with transphyseal 
bridging across the distal extremity of the metacarpus 
or metatarsus. They found that surgery after 60 to 80 
days resulted in virtually no improvement of the angular 
limb deformity but that minor limb deviations of the 
fetlock may be corrected with surgery after 2 months of 
age. The distal radial and ribial physes close at a later 
age; therefore, conservative therapy can be continued 
longer (60 to 90 days). If the deformity' is severe (more 


than 15°) or if limb deviation is worsening, however, 
then surgery should be performed as soon as possible. 
In most cases of carpal and tarsal deformities, surgerv is 
indicated if the limbs are not straight by 60 days, (f 
the limb is nearly straight at this time, the surgeon may 
wait an additional 30 days, but surgery should not be 
delayed beyond 3 to 4 months of age. Minor deviations 
of the carpus and tarsus can he corrected in foals after 
6 months of age, because a limited amount of growth 
otential remains in the physis. This may van among 
orses, however, and waiting this long to see it the limb 
deviation corrects spontaneously is not recommended. 

Surgical treatment of foals with angular limb deformi¬ 
ties is directed toward accelerating grow th on the con¬ 
cave side, slowing growth on the convex side, or a combi¬ 
nation of the two. The most commonly used approach 
is to stimulate growth (endochondral ossification) on the 
concave side of the deformity 5 " 41 by using hemicir- 
cumferential transection of the periosteum i HC I P) and 
periosteal stripping (PS) 4J,<1J The mechanism contribut¬ 
ing to physeal growth stimulation by PS is thought to he 
a mechanical release of the periosteal restraint of growth 
on the side of the physis on which the procedure is per- 
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Figure 6.1 6 Dorsopalmar view of the carpus ot a loai with an 
angular limt> delormrty. Lines drawn through the centers of the 
radius and metacarpus demonstrate the location of the growth 
disturbance within the distal radial physis 



Figure 6.17 Donsopatmar view of the carpus of a foal with 

severe carpal valgus. The limb deformity has resulted m wedging 
of the lateral aspecl of the distal radial epiphysis and the lateral 
aspect of the third carpal bone (arrows). 


formed. 58 I he advantages of PS are that the procedure 
is easy to perform, there are minimal complications, and 
the limb does not overcorrect. PS atone will often not 
completely correct severe angular limb deformities, how¬ 
ever. 

Retardation of endochondral ossification on the con¬ 
vex side of the deformity is performed by various trans- 
physeal bridging procedures. 9 The “bridges” arc usually 
in the form of staples or screws and wires spanning the 
growth plate on one side (Fig. 6,18). M After placement 
of the implants, continued endochondral ossification 
causes a buildup of internal forces and a gradual decline 
in growth mainly because of the effects of pressure on the 
vascularity and subsequent osteogenesis of the physis. 
Slowed growth on one side of the physis and continued 
growth on the opposite equalizes the relative length of 
the medial and lateral aspects of the distal meraphysis, 
thereby straightening the limb. Once the limb is straight, 
the implants must be removed or the limb will overcor- 
recr. Once the implants are removed, normal limb 
growth will continue. 

The advantages of the growth retardation procedure 
are that severe deformities can be corrected quickly and. 


some surgeons believe, the procedure is much more effec¬ 
tive than HCTP plus PS. The disadvantages of the 
growth retardation procedure are rhat it is more difficult 
ro perform, there are more wound healing complica¬ 
tions, and if the owners fail to monitor the limb, it can 
overcorrect. For these reasons, most surgeons use trans- 
physeal bridging for severe deformities that will not cor 
rect with HCTP plus PS alone or in older horses in which 
the growth potential of the physis may be limited. In 
most situations in which rransphyseal bridging is used, 
it is combined with HCTP plus PS on the same limb (at 
least we do this). This further speeds resolution of the 
deformity by promoting growth on one side of the physis 
while slowing growth on the other side. The details of 
surgery for growth retardation and stimulation are dis¬ 
cussed in Chapter 8. 

Incomplete Cuboidal Bone Ossification 
and Juvenile Spavin 

Incomplete ossification of the cuboidal bones of the 
carpus or tarsus occurs most commonly in premature 
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Figure 4.18 Transphyseal bridging (screws and wires) of (he 
lateral aspect ot the distal radial physis, used to correct the varus 
deformrty ol the carpus ot the horse shown in Figure 6.11. 
Radiographic evidence of physitis (paraphyseal bone formation or 
lipping) is seen on the medial aspect of the physts 


foals, twins, or underdeveloped newborn foals. At birth, 
the cuboidal bones have not ossified sufficiently to with¬ 
stand the forces of normal weight bearing, predisposing 
the animal to some degree of carpal or tarsal bone wedg¬ 
ing or collapse. Incomplete ossification without collapse 
is not readily apparent clinically and is best diagnosed 
with radiography to document abnormal cuboidal bone 
appearance. Clinical signs associated with cuboidal bone 
collapse may be evident in the newborn foal as an angu¬ 
lar limb deformity of the carpus or tarsus. 

Collapse of the tarsal bones is much more common 
than collapse of the carpal bones. Tarsal collapse is often 
associated with a sickle or cow-hocked conformation of 
the tarsus, or the tarsus looks like it has a “curb." The 
degree of lameness is variable and may not become clini¬ 
cally apparent until later in life. Preventing cuboidal 
bone collapse in newborn foals with incomplete ossifica¬ 
tion involves minimizing compressive forces on the 
bones until they ossify. Confinement, sleeve casts, band¬ 
ages, or bandages and splints may be used, depending 
on the severity. In one study, foals with only minor tarsal 
bone collapse were able to perform as intended, whereas 


Figure 6.19 Lateral view of tf>e tarsus in a yearling that 
presented with lameness in the letl hmdiimb A valgus deformity of 
the tarsus wat evident clinically, and collapse ot the dorsal aspect 
of the third tarsal bone was evident radiographically (arrow). 
Collapse of the bone had presumably occurred earty in life and 
was not recognized as a problem until the lameness developed 


foals with more severe tarsal hone collapse and fragmen¬ 
tation could not he used for their intended purposes (Fig. 
6.I9). 31 

In addition, incomplete ossification and mild collapse 
of the tarsal bones is thought to predispose the horse to 
juvenile spavin. Horses with juvenile spavin have rela¬ 
tively severe signs of bone spavin at a young age with a 
history of minimal work (Fig. 6.20), Inherent abnormali¬ 
ties of the central and third tarsal bones are thought to 
contribute to the development of osteoarthritis in the 
distal tarsal joints at such an early age. 


Osteochondritis dissecans refers to cartilage or carti¬ 
lage and bone (osteochondral) fragments or flaps that 
develop along the articular surfaces of joints in horses. 
These abnormalities are probably the most common 
manifestation of the DOD complex in horses. They usu¬ 
ally occur along the non-weight-bearing surfaces of the 
joint and are especially common in the stifle, tarsus, and 
fetlock joints (Fig. 6.21). 150 Horses with 0(1) lesions 
typically arc only mildly lame but usually have joint effu¬ 
sion of the affected joint(s). These lesions an* often bilat¬ 
eral and may or may not require arthroscopic surgery to 


Osteochondritis Dissecans 
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Figure 6.20 Oblique view of the tarsus in a 2-year-old Paint filly 
with hindtimb lameness. Subchondral bone lysis {arrow) and 
narrowing of the distal mtertarsal joint can be seen 



Figure 6.21 Lateral view of the stifle in a 3-year-old 
Thoroughbred with clinical evidence of femoropatetiar joint 
effusion Osteochondral fragmentation (arrow) typical of OCD 
lesions is seen on the lateral trochlear ridge of the femur 


remove the osteochondral fragments}. The prognosis 
for performance of horses with OCD lesions is usually 
very good (see Chapter 7 for a more detailed discussion). 

Subchondral Cystic Lesions 

Subchondral cystic lesions (bone cysts or osseous cyst¬ 
like lesions) are commonly recognized pathologic entities 
of bones and joints in horses that may or may not cause 
lameness. Subchondral cystic lesions may be nonarticu- 
lar or articular, although most lesions that contribute to 
lameness involve rhe weight-bearing area of an articular 
surface. Monarticular lesions (which may be classified as 
subchondral cystic lesions) usually involve the mecaphy- 
sis and can go undiagnosed because they do not always 
cause clinical signs and normal bone remodeling may 
resolve the defect. 

The most common age for diagnosis of subchondral 
cystic lesions or ar least the time w F hen clinical signs de¬ 
velop is usually 3 years or younger.** 61 Horses demon¬ 
strate clinical signs related to subchondral cystic lesions 
over a wide age range, however, and the relationship 
between when the lesion develops and when the horse 
begins to show clinical signs is not known." 0 This rela¬ 
tionship probably depends on the specific site of the sub¬ 
chondral cystic lesion (most common location is the me¬ 
dial femoral condyle), the age at which the lesion 
develops, and the occupation of rhe horse. What causes 
or initiates the appearance of clinical signs in horses w ith 
articular subchondral cystic lesions remains unknowm. 

Subchondral cystic lesions have been reported to 
occur at multiple locations in horses,*’ 18 The most com¬ 
mon sites that contribute to clinical problems involve 
the stifle (Fig. 6.22), fetlock, pastern, coffin, and elbow 
joints. Controversy exists over whether these lesions are 
caused by a defect in endochondral ossification, intraar- 
ticular subchondral bone trauma, or a combination of 
both.*' 1 *’ 70 Joint trauma can lead to the development of 



Figure 6.22 Craniocaudal view of the stifle, showing a large 
subchondral cystic lesion within the medial femoral condyle (arrow) 
of a yearling Quarter Horse fifty. The filly was lame at a walk and 
had palpable effusion of the medial femorotibial joint. 
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Figure 6.23 Dorsoplantar views of the pastern of a 12-year-old 
Thoroughbred with a grade 3 (out of 5) hindlimb lameness A. 
Minimal abnormalities (arrow) are visible on the initial radiograph. 

B A subchondral cystic lesion with surrounding sclerosis (arrow) is 
evident within the proximal phalanx 6 months later. 


subchondral cystic lesions, which has been shown exper¬ 
imentally and has been seen clinically (Fig. 6.23).* Many 
of these lesions, however, are seen in young horses and 
arc bilateral, suggesting a developmental defect. 

Subchondral cystic lesions have been described as re¬ 
sulting from an infolding of abnormal cartilage into the 
underlying bony spongiosa.* The infolded cartilage be¬ 
comes necrotic, and its matrix remains nonminerali/ed. 
Thus osteoclasts and blood vessels do not migrate into 
the defect to enable repair of the defective cartilage and 
bone. The cystic lining is made up of fibrous tissue with 
active fibroplasia and capillary proliferation present in 
the tissue adjacent to the bone. 

Treatment of subchondral cystic lesions involves the 
use of cither intraarticular medications (combined w ith 


systemic joint therapies) or surgical debridement of the 
lesion. 61 Because of the variable prognosis of horses 
undergoing dehridemenr of the lesion alone, additional 
treatment of the bone defect is being attempted by some 
surgeons. Such treatments include packing the entire de¬ 
fect w r irh cancellous bone and packing the depth of the 
lesion w ith cancellous bone and then filling the remain¬ 
ing hone defect with fibrin-laden chondrocytes rhat con¬ 
tain growth factors. The goals of the latter treatment arc 
to promote healing of both the bone and the articular 
cartilage defects. Nonsurgical treatment is usually rec¬ 
ommended initially in most horses because of the vari¬ 
able success of surgical debridement of the lesions, with 
or without the adjunctive treatments. 

LOCAL DISEASES OF BONE 

Exercise-Induced Remodeling 

Bone is metahelically active under normal physiologic 
circumstances and in response to many types of injury. 
Its intricate microstructural and macrostructural organi¬ 
zations, combined with its high rate of metabolic activ¬ 
ity, allow it to respond rapidly to many physical and 
biomechanical demands. tt Normal daily activity and ex¬ 
ercise impose complex forces on the skeletal system that 
cause different quantities of deformations of bone. 

Deformations within a bone arc referred to as 
“strains,” and the local force intensities at these sites are 
the “stresses,” defined as a given force per unit area. 
The direction and magnitude of the stresses and strains 
depend on the geometry of the bone, the direction and 
magnitude of the load imposed on the bone, and the 
material properties of the bone. Equine bone remodels 
in response to the stresses placed on it according to 
Wolffs law, which, in brief, states that bone is laid down 
where it is needed and is rcsorbed where it is not needed. 
Two examples of adaptive remodeling in equine bone 
arc 1) the cancellous portions of the proximal sesamoid 
bones are less porous (stiffer and stronger) in horses 
trained on dirt tracks than in untrained horses'" and 2) 
the shape of the metacarpus changes during training and 
racing to withstand the added forces applied to the 
bone. 98 These are only a couple of examples of bone's 
response to exercise, which undoubtedly occurs in every 
bone during training and performance. 

The osteogenic response of btine to remodeling stim¬ 
uli, such as training and exercise, appears to depend most 
on the strain magnitude and strain rate. In other words, 
the greater the load and the more times bone is loaded 
(repetitions), the greater the remodeling response. In¬ 
creased magnitude of loading can be achieved by going 
at higher speeds, training on harder surfaces, or a combi¬ 
nation of the tw'o. 

Too high loads or excessive repetitions of normal 
loads are thought to contribute to the development of 
dorsal metacarpal disease or stress or fatigue fractures 
in racehorses. 96 ’ 97 * 136 Fatigue fractures indicate that rhe 
bone has not remodeled or gained enough strength to 
withstand the forces (loads) that are being applied to 
it,* In most cases, the exercise regimen should be altered 
to permit the bone to gain adequate strength to tolerate 
the higher loads. 
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If an excessive load is applied to a bone as a single 
event, the ultimate stresses and strains that the tissue can 
tolerate are exceeded, and a complete fracture occurs. 
Single-event trauma is the most likely cause of complete 
fractures in most horses and foals. Fatigue and stress 
fractures in bone appear to predispose the horse to com¬ 
plete fractures, however, especially in performance 
horses, presumably by decreasing the ultimate load that 
the bone can withstand before fracturing. 

Fracture 

When a fracture occurs, the bone usually loses struc¬ 
tural continuity, and its function is impaired to some 
degree. The level of altered function and the specific bone 
that is fractured often determine the type and severity 
of lameness. For example, a displaced fracture of the 
olecranon process or a fracture of one of the major load- 
bearing bones (c.g., radius or tibia) usually produces a 
severe lameness. C onversely, a so-called osteochondral 
or “chip” fracture of a carpal hone produces a mild lame¬ 
ness, which may resolve with rest or may predispose the 
horse to degenerative joint disease, causing a secondary 
lameness. Most acute fractures cause significant lame¬ 
ness, however, regardless of their size and location. A 
fracture should always be considered as a possible cause 
of any non-weight-bearing lameness. 

Fractures in horses are usually the result of a single 
high-energy traumatic event that completely disrupts the 
bone (breaks the bone into at least two pieces). Incom¬ 
plete or stress fractures arc diagnosed more frequently in 
performance horses than in other types of horses. Unlike 
most complete fractures, stress fractures are caused by 
chronic trauma that weakens the bone, not a single trau¬ 
matic event that breaks the bone, 1 * 6 

Stress fractures of the humerus, tibia (Fig. 6.24), pel¬ 
vis, and metacarpus/metatarsus have been diagnosed in 
performance horses (primarily racehorses). 1 1 Ini¬ 
tially, these lesions cause some degree of lameness and 
may contribute to complete fracture of the involved bone 
with continued use, 137 Diagnosis of incomplete fractures 
in racehorses can he difficult but is critical to prevent 
catastrophic bone failure. Scintigraphy can help the clini¬ 
cian locate suspected stress fractures that arc not appar¬ 
ent on radiographs. 

Treatment of incomplete fractures is much less com¬ 
plicated than treatment of complete fractures and usually 
involves a period of inactivity combined with a change 
in training schedule. In contrast, complete fractures of 
long hones of horses are one of the most difficult injuries 
to treat successfully, and many horses with severe frac¬ 
tures arc still euthanized (Fig. 6.25). The prognosis of 
repairing complete fractures in horses depends, in part, 
on the specific bone affected, the temperament of the 
horse, the age and size of the horse, the specific character¬ 
istics of the fracture, and the expertise of the surgeon. 
Proper stabilization of the fracture for transport to a 
surgical facility for repair is crucial to achieving a favora¬ 
ble outcome. 

Fracture Stabilization and Immobilization 

Fractures arc a frequently diagnosed problem in 
horses and often require emergency first aid treatment 



Figure 6.24 Otrtique view of ttve titxa tn a young racehorse with 

d hincUtmb lamer Ilia l cuutd not KX-aiizeO with i try tonal 

nerve blocks, An incomplete spiral fracture of the mxidle to distal 
dtaphysis of the tibia is evident (arrow) 


(Table 6.1). Horses are not readily ambulatory on three 
limbs and often become anxious when they are unable 
to place a fractured limb, which potentially can result 
in further injury. First aid measures should be directed 
toward minimizing further damage to the fractured limb 
and maintaining it in a position and condition that will 
facilitate repair. 

The goals of first aid fracture management are to pre¬ 
vent damage to neural and vascular elements of the limb, 
to prevenr skin penetration of the fracture fragments, to 
minimize further contamination of an existing wound, 
to relieve the animal’s anxiety by stabilizing the fractured 
limb, and to minimize further damage to the fractured 
bone ends and surrounding soft tissue. 1 *’' 1 Most of these 
objectives can be accomplished by proper stabilization 
or splinting of the fracture. Fractures or the upper fore¬ 
limb and hindlimb in horses are, however, nearly impos¬ 
sible to stabilize with external splints. Luckily, the bones 
in these locations are surrounded by large muscle groups, 
which inherently stabilize the fracture ends, making ex¬ 
ternal coaptation less important. 

Fracture immobilization serves several purposes. Im¬ 
mobilization in horses is more important to preserve 
limb vascularity than to prevent hemorrhage at the frac- 
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Figure 6.25 Craniocaudal view of the tibia in an adult mare, 
demonstrating a complete, highly comminuted and severely 
displaced diaphyseal fracture. 


Table 6.1 CONTENTS OF FRACTURE FIRST AID KIT 
FOR HORSES 


Material 


Purpose 


Cotton, rolled and/or 
sheet 

Gauze sterile and 
nonstenle 
Razor or portable 
clippers 

Antibiotic ointment 
Support wrap ('Vetrap 
Elastikon, etc.) 
White tape 
PVC splints (several 
lengths) 

Fiberglass cast 
material 

Board splints (several 
lengths) or 
aluminum rod 
Drugs (antibiotics, 
sedatives, NS AIDS) 


Padding under splint-cast combination or 
Robert-Jorves bandage 
Applying dressing to wounds and Robert- 
Jones bandage 

Removing hair from around wound 

Topical dressing for open wounds 
Robert-Jones bandage or bandage under 
splint-cast combination 
Secure splints or boards to bandage 
Spiint-cast combination 

Spiint-cast combination 

Splinting radial and tibial fractures 


Tranquilization. pam relief, and treatment 
ot open fractures 


PVC. polyvinyl chloride. NS A IDs nonsteroidal ami-inttammetory drugs 


turc site. Severe hemorrhage infrequently accompanies 
fractures in horses, but vascular thrombosis from contin¬ 
ued stretching and direct trauma often leads to dimin¬ 
ished vascularity of the distal limb. Limb immobilization 
also reduces the animal's anxiety, enabling the horse to 
regain control of the limb, even though the limb cannot 
bear weight. Once stabilized, most horses will rest the 
limb instead of continually trying to place it in a normal 
stance, which would cause further soft tissue and bone 
damage. Probably the most important purpose of immo¬ 
bilization is to prevent the development ot an open frac¬ 
ture. Loss of intact skin coverage over a fracture is 
thought to predispose the horse to infection, especially 
if internal fixation is performed. Equine skin is thin and 
readily penetrated by sharp bone fragments. In general, 
fractures of the distal (phalanges) and upper (humerus, 
ulna, and femur) aspects of the horse’s limbs rarely be¬ 
come open, suggesting that proper immobilization of 
fractures involving the metacarpus/metatarsus, radius, 
and tibia is most critical to prevent the development of 
an open fracture during transport. For rhe purposes of 
fracture immobilization, the horse's forelimbs and hind- 
limbs are divided into specific anatomic regions to help 
guide proper fracture splinting techniques (Fig. 6.26). 

Phalanges and Distal Metacarpals 

The phalanges and distal meracarpals are probably 
the most common sites for fractures to occur in horses, 
and hiomechanicallv they are dominated by the angle of 
the fetlock joint. 1 b "^ Therefore, proper splinting tech¬ 
niques should attempt to counteract the bending force at 
the fetlock. A cotton bandage combined with a dorsally 
placed polyvinyl chloride (PVC) splint or a splint-cast 
combination with the limb maintained in a straight line 
from the carpus to the hoof appears to provide the opti¬ 
mal immobilization (Fig. 6.27). Minimal padding (light 
bandage) should be used for the splint-cast combination, 
whereas a regular cotton bandage should be applied if 
a dorsal splint alone is used. To facilitate application of 
the splint and cast material, an assistant should hold the 
forelimb proximal to the carpus and let the limb hang. 
The PVC splint is applied to the dorsal aspect of the limb 
from the carpus to the hoof and secured with white tape. 
For a splint-cast combination, fiberglass cast material 
is applied over the entire distal limb to provide further 
stabilization. Alternatively, a Kimzey splint or Farley 
compression boot may be used to stabilize fractures in 
this location. The disadvantages of the commercially 
available splints are 1) they are expensive to stock for 
only occasional use and 2) they cannot be easily modified 
to fit a variety of sizes. 

Midforelimb (Midmetacarpus to Distal Radius) 

Fractures in the midforelimb are stabilized best with 
a Robert-Jones bandage combined with full-limb PVC 
splints applied caudally and laterally. 16,17 The bandage 
should be applied in several layers, with each layer of 
padding (cotton) no more than 1 inch in thickness and 
compressed with elastic or brown gauze to increase stiff¬ 
ness. The total diameter of the finished bandage should 
be approximate!v three times as large as the diameter of 
the limb at the fracture site. The splints should extend 
from the elbow to the ground at 90° to each other to 
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Figure 9.26 Functional division of the horse's limbs, used as a 
guide for appropriate application of external support to immobilize 
fractures during transport. (Reprinted with permission from 


Bramlage LR First aid and transportation of fracture patients. In: 
Mixon AL, Ed. Equine Fracture Repair Philadelphia: WB 
Saunders, 1996:38) 


help prevent movement of the fracture during transport. 
The splints should be tightly secured to the bandage with 
nonelastic white tape. If PVC material is not available, 
any lightweight, rigid material such as wood, aluminum, 
or flat steel may be used effectively for splinting. Frac¬ 
tures in this location have the advantage of having por¬ 
tions of the fore limb above and below the fracture site 
that can facilitate application of splints. Because of the 
sparse soft tissue coverage of the metacarpal region, 
however, closed fractures in this location can easily be¬ 
come open if they are not adequately splinted. This is 
especially true of foals, because their thin skin provides 
little resistance to hone penetration. 

Mmoo and Proximal Radios 

Fractures in the middle and proximal radius cause the 
upper musculature of the forearm to abduct the distal 
limb. 1 ** 1 This often results in adduction of the proximal 
fracture fragment and penetration of skin on the medial 
side because of lack or soft tissue coverage. Prevention 
of abduction of the distal limb is the goal when immobi¬ 
lizing fractures in this location. This is best achieved by 
applying a Robert-Jones bandage similar to that used 
with mid forelimb fractures, but the lateral splint is ex¬ 
tended up the lateral aspect of the shoulder, scapula, and 
chest and taped securely to the proximal forclimb at the 
level of the axilla. A wide board (15 to 20 cm} or metal 
rod appears to work better than PVC for this lateral 
splint. The upper extension of the lateral splint should 
lie against the shoulder and scapula so that it prevents 


abduction of the distal limb during ambulation (Fig, 
6.28). A PVC splint that extends from the ground to the 
elbow should also be placed on the caudal aspect of the 
limb to provide additional stability for the fracture. 

Proximal to the Elbow 

The humerus and the ulna are well protected with 
muscles, which inherently stabilize and protect fractures 
of these bones. Complete fractures of these bones disable 
the triceps muscle apparatus, however, making it impos¬ 
sible for the horse to fix the elbow in extension for weight 
hearing. Restoring the triceps apparatus reduces the anx¬ 
iety of affected animals and enables them to use the limb 
for balance during transport. A full-limb cotton bandage 
with a caudally applied PVC splint keeps the carpus ex¬ 
tended and helps restore triceps muscle function. Some 
horses with ulna fractures will bear considerable weight 
on the limb after splinting, but walking may be difficult. 
All fractures in these locations do nor require stabiliza¬ 
tion, however, because the risk of skin penetration is 
extremely low. Foals mav not have the upper forclimb 
strength to move the limb with a splint in place. 

Phalanges and Distal Metatarsals 

Fractures in the distal hindlimb can be managed simi¬ 
larly to those in the forclimb, except that the PVC splint 
used with the splint-cast combination is best placed on 
the plantar surface of the limb. Fiberglass cast material 
is applied over the splint and distal limb in a manner 
similar to that used with the fore limb. Splints applied to 
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Figure 6.27 A bandage and PVC splint applied to the distal 
limb of a horse to immobilize a fractured phalanx. The splint was 
placed dorsaily and secured with white nonelastic tape. (Courtesy 
of Or Chris Ray, Amanllo, TX.) 



the dorsal surface of the hindlimb over a bandage appear 
to be less useful than in the forelimb because they tend 
to break more readily. In addition, the Kimzey splint or 
Farley compression boot may be used to stabilize frac¬ 
tures in this location, as in the forelimb. 

Middle and Proximal Metatarsals 

A Robert-Jones bandage, with PVC splints applied 
laterally and caudaliy with the calcaneus used as a caudal 
extension of the metatarsus, provide adequate support 
for fractures in the middle and proximal metatarsals, *' 
The Robert-Jones bandage should be less extensive than 
for the forelimb because it will be difficult to secure the 
splints to the limb if the bandage on the distal aspect of 
the metatarsus is too bulky. 

Tarsus and Tibia 

Fractures in the tarsus and tibia are particularly diffi¬ 
cult to stabilize adequately because of the reciprocal ap¬ 
paratus and its effect on joint motion in the tarsus and 
stifle. 14,17 Fractures in this location tend to collapse 
when the stifle flexes and the tarsus remains in a fixed 
position. The main principle for stabilization is similar 
to that of the radius, which primarily involves preventing 


Flgur* 6.28 A loop of aluminum rod has been shaped to 
extend from the ground up over the shoulder and scapula to help , 
immobilize a radial fracture. (Courtesy of Dr. Chris Ray, Amanllo, 
TX.) 

abduction of the distal aspect of the limb. There is lirtl 
muscle coverage on the medial aspect of the tibia, am 
this is the site prone to become open. 

To prevent abduction, a single laterally placed splir 
that is bent to follow the angulation of the limb an> 
extends proximally above the stifle joint works well. Thr 
splint is most effective if it is benr back on itself to mirror 
the hindlimb contour back to the ground, creating a dou. 
blc splint. The splint is applied over a full-limb Robert 
Jones bandage and is best made of lightweight mcra, 
such as aluminum, that can be bent into the proper posi 
tion, similar to the lateral support of a Schrocdci 
Thomas splint (Fig. 6.29). An alternative to the meta 
splint is a wide board (15 to 20 cmi that extends fron 
the ground to the ilium and is applied to the lateral aspeu 
of the bandage. 

Fracture Healing 

Fracture healing can be considered a series of pre 
cesses that occur in sequence but are often overlapping, I 
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tguro 6.29 An aluminum rod was shaped to extend from the 
>ound up over the stifle and hip of this horse with a tibtal fracture 
Courtesy of Dr, Chns Ray, Amarillo. TX.) 


an be divided into three distinct phases: inflammatory, 
•parative, and remodeling. ° During healing, the hone 
i ill unite by one of rwo patterns: primary or direct heal- 
;ig and secondary or indirect healing. With primary 
one healing, the bone ends heal directly by Haversian 
^modeling in contact and noncontact areas without the 
ormation of a bone callus. Rigid fracture stabilization 
nd correct anatomic reduction of the fracture are re¬ 
tired for primary bone healing to occur. With second¬ 
ly bone healing, fibrous tissue or fibrocartilagc is ini- 
ally formed betw een the fracture fragments; this is later 
-placed by new bone. Periosteal and endosteal callus 
ormarions unite the bone ends, s 

-HASES at n it Heai ing Process 

The inflammatory phase occurs over the first 2 to 3 
reeks after injury and is considered critical for the repar- 
:ive phase of fracture healing that follows. During this 
■base, the cellular mechanisms necessary for repair and 
ic prticesscs protecting the healing tissue from infection 
-e activated. If the inflammatory response is impaired, 
ssue healing is compromised. Chemical messengers me¬ 


diate the inflammatory reaction by causing vasodilation, 
migration of leukocytes, and chemotaxis of substances 
necessary for the repair process. In particular, bone mor¬ 
phogenetic proteins play an important role in the initia¬ 
tion of fracture repair.' 0 

During the reparative phase, the pattern of fracture 
healing is highly susceptible to mechanical factors, such 
as interfragmenrary motion. With spontaneous fracture 
healing, periosteal and endosteal callus formation pro¬ 
vides interfragmentary stabilization, and bone union oc¬ 
curs by intramembranous and endochondral ossifica- 
tion. 7 ** This process can take from 2 to 12 months to be 
completed, depending on the method of fracture fixation 
that was used, the stability of the fracture, and the size 
of the fracture gap (fracture displacement). 

The remodeling phase occurs during and after the re¬ 
parative phase. Avascular and necrotic/egions of bone 
are replaced by Haversian remodeling. 9 Malalignment 
of fracture fragments may be corrected during this phase 
of healing by remodeling of the fracture site and func¬ 
tional adaptation, particularly in young animals. With 
weight bearing and loading of the fracture, bone is re¬ 
moved from the convex surfaces and laid down on the 
concave surfaces. This process tends to realign the bone 
after malunion (Fig. 6.40B). Fracture remodeling cannot 
correct torsional deformities associated with fracture 
healing, however. Theoretically, bone can heal com¬ 
pletely and regain prcfracture strength and function. 




Fracture Fixation 

In horses, more than in anv other domestic animal 
(except perhaps the racing greyhound) the clinician must 
carefully define “successful" fracture healing. For centu¬ 
ries, bone has been observed to heal by production of 
callus, but the result was often angulation, rotation, or 
limb shortening. With mtraarticular fractures, a certain 
amount of degenerative joint disease often developed. 
Fixation techniques used to achieve primary’ bone heal¬ 
ing with mtraarticular fractures have greatly decreased 
the morbidity associated with degenerative joint disease 
in these cases. In addition, improved techniques in inter¬ 
nal fixation of long bone fractures have emphasized im¬ 
proving the implants to withstand massive functional 
forces, thus preventing failure caused by mechanical 
overload. Such implants must also be strong enough to 
maintain their integrity' until the bone has united, with¬ 
out breaking under fatigue. Despite improvements in 
fracture fixation equipment, anesthetic protocols, and 
recovery methods, however, successful repair of some 
long bone fractures in horses remains difficult. 

Stress protection is a phenomenon seen when a bone 
that has been rigidly immobilized by a plate undergoes 
certain histologic events, including loss of bone mass 
without a corresponding reduction in size (quantitative 
osteopenia). 140 Stress protection results in Haversian re¬ 
modeling and has generated considerable interest in 
human and small animal medicine because of the poten¬ 
tial for refracture of the bone after removal of the plate. 
Stress protection is almost an unknown occurrence in 
the horse, even in foals, because of the great loads im¬ 
parted on the implants compared w r ith those for humans 
and other smaller animals, 140 Although the emphasis of 
research activity in humans and small animals has fo- 
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trust'd on the development of more flexible implants, the 
emphasis in horses has been in the reverse direction: to 
provide stronger implants in an attempt to overcome the 
massive loading of the implants. 

An important consideration in the horse is stress con¬ 
centration. This is when biomechanical loads are concen¬ 
trated in a small area of normal or weakened bone, po¬ 
tentially leading to complete bone failure, 140 This 
primarily occurs in the diaphysis of long bones but may 
also develop elsewhere in the bone. Examples of stress 
concentration include drill holes that are not filled with 
implants during internal fixation and vacant screw holes 
after implant removal (such as after metacarpal stress 
fracture repair).** In addition, stress concentration oc¬ 
curs at the ends of bone plates, especially if they stop in 
the middiaphyscal region of a bone, and at intramedul¬ 
lary pinhole sites after removal of external fixators. 
These are all places where small areas of cortical bone 
are absent or have been weakened, and they can fail if 
excessive loading of the bone occurs. 

Compression 

The use of various methods of compression in the 
treatment of fractures in humans and other animals is 
widely accepted. Under stable conditions, it is recognized 
that both cancellous and cortical bone heal by primary' 
bone union, without callus formation. Under these cir¬ 
cumstances, Schenk and Willenegger 121 showed that 
healing resulted by proliferation of new osteons growing 
parallel to the long axis of the bone, first through the 
necrotic bone ends and then across the fracture. This is 
termed "primary bone healing’' and is the ultimate goal 
for repairing intraarticular fractures in horses or in any 
species. Compression across the fracture allows mechan¬ 
ical stability with little or no motion between the frag¬ 
ments, creating more favorable conditions for primary' 
bone healing. Therefore, the function of the implant 
(plate and/or screws) with internal fixation is to hold 
the bone fragments under compression with little to no 
movement until fracture union has occurred. 140 

Compression fixation of fractures is often the goal for 
fracture repair in horses. Intraarticular fractures when 
rigidly compressed usually heal rapidly without the de¬ 
velopment of secondary degenerative joint disease. Long 
bone fractures repaired with bone plates can heal with¬ 
out exuberant callus that would interfere with nearby 
soft tissue structures. Compression fixation cannot be 
achieved in many cases, how ever, because of the nature 
of the fracture and the temperament and size of the pa¬ 
tient. In general, compression fixation and primary hone 
healing can be accomplished with most intraarticular 
fractures in horses but is usually not achieved in long 
bone fractures. Most long bone fractures will develop 
some degree of callus formation during the healing pro¬ 
cess, which in most cases is not a major problem. Specific 
methods for repair of certain fractures, in particular 
those amenable ro lag screw fixation, are discussed in 
Chapter 8. Here, we present general principles regarding 
fracture fixation in horses. 

Lag Screws 

One method for compressing a fracture is to use a lag 
screw, a basic technique used routinely by carpenters 



Ftpur* 4.30 Hits proximal phalangeal fracture is ideal for lag 
screw fixation, which would minimize the chances of secondary 
degenerative joint disease of the fetlock joint by accurately 
reconstructing the intraarticular component of the fracture (arrow}) 


and engineers. It is particularly suited for intraarticula 
fractures in horses when accurate anatomic alignmen 
of the joint surface is essential to avoid secondary degen 
erative joint disease (Fig. 6.30). Lag screws alone ai 
rarely used to repair major Jong bone fractures in hors* 
or even small foals because they are simply not stron 
enough. Lag screws are ideally suited for repairing slar 
fractures of the third carpal bone (Fig. 6.31), condyle 
fractures of the distal third metacarpal and metatars; 
bones, sagittal fractures of the proximal phalanx, air 
some tarsal bone fractures. In addition, lag screws cor 
be used in conjunction w ith plates to repair comminute 
fractures, by which fracture reconstruction is performs 
with screws and a so-called neutralization plate is a# 
lied or the lag screws are inserted through the plat 
oles. A variety of sizes of cortical bone screw s (3.5, 4.. 
or 5.5 mm in diameter) can be used as lag screws. TH 
5.5-mm screw is used most often in horses because it 
stronger and has more holding power than the 4.5-mi 
screw. 

To achieve the lag screw principle, threads must gai 
purchase in only one bone fragment. For cortical screw' 
this is achieved by overdrtlling the fragment next to tH 
screw head to such a size that the screw threads will no 
engage that portion of the bone. The hole is termed tH 
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Figure 6.31 Lateral view of the carpus rn a racehorse after tag 
screw fixation of a third carpal bone slab fracture. A 3 5-mm 
cortical screw was used here 



A 


Figure 6.32 A, Correct execution of the lag screw principle. B. 
Incorrect execution of the lag screw principle The cortex under the 
screw head was not overdnlted, and the gap between the bone 


‘‘glide hole’* (Fig. 6.52). If the glide hole were not over- 
drilled, the tightened screw would not be able to close the 
gap between the fracture fragments, and no compression 
would be achieved. Therefore, the screw should achieve 
purchase only in the “far” cortex, or rranscortex (i.e., 
the cortex away from the head). 

In some areas, particularly in the ntetaphysis of bones 
in foals, the bone may be too soft for cortical screws to 
gain purchase. Canceilous screws can be used to achieve 
compression between fragments in these locations. To 
increase the surface area of contact between the screw 
and bone, the ratio between the outer diameter and the 
core in cancellous screws is greater than that found in a 
cortical screw (Fig. 6.35). A cancellous screw (6.5 mm 
in diameter) has a smooth shank near the head and a 
threaded portion near the tip (Fig. 6.34). When em¬ 
ployed as a lag screw, the smooth shank must pass 
through one fragment, and the threaded portion must 
gain purchase in the other to achieve compression. M0 

Cancellous screws have two lengths of thread at the 
tip: 16 and 32 mm (Fig. 6.34). The longer threaded can¬ 
cellous screws should be used whenever possible to 
achieve maximum holding power. Cancellous screws 
should be used with caution in dense cortical bone. If a 
cortical screw has been stripped, however, sometimes the 
only way to achieve compression is to use a cancellous 
screw' in its place. During the healing process, new bone 
will form around the smooth shank of the cancellous 
screw'; thus, if screw* removal is necessary, the cancellous 
thread must be able to cut its way through the bone. If 
the bone around the shank is too dense, the cancellous 
screw may break at the screw thread junction. Therefore, 
whenever possible, cortical bone screws should be used 
in horses, with the exception of young foals w'ith very 
soft bone. 

To exert the maximum amount of mterfragmentary 
compression, a lag screw should be inserted at right an- 



fragments cannot close (Reprinted witti permission from Mueller 
ME. et al. Manual of Internal Fixation. 2nd ed Heidelberg; 
Springer-Verlag. 1979) 
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Figure 6.33 Design and dimensions of the ASiF (Association (Reprinted with permission from Mueller ME, et al. Manual of 

for the Study of Internal Fixation) 4,5-mm cortical screw, Internal Fixation. 2nd ed. Heidelberg: Springer-Verlag, 1979.) 



Figure 6.34 Design and dimensions of the ASIF 6,5-mm 
cancellous bone screw (Reprinted with permission from Mueller 


ME. et al. Manual of Internal Fixation 2nd ed Heidelberg 
Springer-Vertag, 1979.) 
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Figure 6.35 Ideal direction of screw placement for achieving permission from Muefler ME. et al. Manual of Internal Fixation, 2nd 

maximum nterfragmentary compression (Reprinted with ed. Heidelberg: Springer-Verlag, 1979.) 


gles to the fracture plane. If the bone is under some axial 
load, however, the screw should be inserted at right an¬ 
gles to the long axis of the bone. Therefore, the ideal 
direction for achieving maximum interfragmentary 
compression and resistance to axial loading is between 
these two extremes (Fig. 6.35). 140 This is a somewhat 
hypothetical solution and is not feasible for all equine 
fractures. For example, in repair of a sagittal fracture of 
the proximal phalanx, inserrion of the screws at right 
angles to the long axis of the bone usually achieves ade¬ 
quate compression and alignment of the joint surface. 
In general, two or more lag screws are used, if possible, 
to prevent rotation of the fragment. This cannot always 
be achieved, especially for fractures involving the small 
carpal or tarsal bones. 

Pretapped cortical screws are used primarily for lag 
screw fixation in horses. Self-tapping screws were origi¬ 
nally thought to have poorer bone-holding qualities than 
pretapped screws. 141 When both 5.5- and 6.5-mm 


screws were inserted into cadaver foal metacarpal/meta¬ 
tarsal bones, the pretapped screws had significantly 
greater holding power than had the same size self-tapped 
screws. 1 57 Similar studies demonstrated, however, that 
self-tapping screws had the same holding power and pul¬ 
lout strength as prerapped screws. Use of self-tap¬ 

ping screws may be difficult in dense cortical bone, and 
the screw's may actually break. Self-tapping screw's (4.5 
mm) inserted into equine third metatarsal bones did not 
break but could not be inserted continuously/ Note 
that pretapped screws can be placed in the bone with 


greater precision, thereby producing better holding 
power. Ml 20 In general, most cortical screws inserted 
into equine bone are prerapped. 

Cannulated and bioabsorbable screws are also avail¬ 
able for use in horses. Cannulated screws are hollow, 
enabling screw placement over a guide pin that helps 
maintain fracture reduction and precise screw position¬ 
ing during rhe procedure (Fig. 6.36). They are used com¬ 
monly in humans but less frequently in veterinary medi¬ 
cine. Cannulated screws are available in a variety of sizes. 
Concerns about using cannulated screws in horses are 



Figure 6.36 Postoperative dorsoplantar view ot the tarsus in a 
horse with a fracture of the medial malleolus of the tibia The 
fracture was repaired by using two 4.5-mm cannulated screws. 


their questionable strength (because they are hollow') and 
their expense. 4,8 * 2 * Cannulated 4.5-mm screws had sig¬ 
nificantly less pullout strength than standard 4.5-mm 
cortical screws in an in vitro study, suggesting rhar the 
interfragmentary compression achieved by these screw's 
may be less than optimal and that screw failure is more 
likely to occur.* 1 * 
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Bioabsorbable screws arc made of polylactic acid de¬ 
rivatives and, once placed, do not (theoretically) need to 
be removed. They are used sparingly in horses because 
of their expense and questionable strength, especially in 
shear. 18 One in vitro experimental study using equine 
third carpal slab fractures as a model suggested, how¬ 
ever, that bioabsorbable screws have comparable biome¬ 
chanical properties to 4.5-mm cortical screws. 93 

Other Methods of Internal Fixation 

Many fractures in horses, especially those involving 
long bones, cannot be repaired with lag screws alone. 
Other methods of repairing long bone fractures include 
bone plating, tension hand wiring (Fig. 6.37), intramed¬ 
ullary pinning, intramedullary interlocking nails, and ex¬ 
ternal fixators. 4,8 Bone plating provides the most rigid 
fixation of fractures but cannot be used in all cases be¬ 
cause of the specific characteristics of the fracture and 
the expense. For fractures amenable to bone plating, one 
or often two plates are used to provide adequate fixation 
(Fig. 6.38). The plates (usually 4.5 mm thick) are best 
placed on the tension side of the bone and at right angles 
to each other, when two plates are used. Either 4.5- or 
5.5-mm cortical screws can be used to secure the plates 
to the bone, and these should be placed as lag screws 
across the fracture, if possible. 



Figure 6.37 Postoperative lateral view of a fractured olecranon 
in a young foal. The fracture was successfully repaired with 
tension band wires only. 



Figure 6.38 Midshaft radial fracture in an adult horse, which 
was repaired by using two 4 5-mm-diameter broad dynamic 
compression plates placed at right angles to each other. All 
screws are 4.5 mm in diameter, although b.S-mrr screws could 
have been used to provide further stability to the repair, 


Special purpose bone plates used occasionally in 
horses include the dynamic condylar screw (DCS), dy¬ 
namic hip screw (DHS), angled blade plate (ABP), and 
cobra head plate. 4 8 Plate luting refers to placing poly¬ 
methylmethacrylate either under the plate or around the 
screw heads to further increase the strength and stability 
of the fixation. 100 ’ 133 Improved bone plate contact is 
achieved; therefore, luting is most beneficial in large 
horses to increase the overall strength of the implant. 

Intramedullary interlocking nails are relatively new in 
equine orthopedics and have primarily been used to re¬ 
pair humeral, femoral, and some metat.irsa!/metatarnal 
fractures. 8,84 The intramedullary nail is placed within 
the medullary cavity of the bone and is transfixed to the 
bone above and below the fracture with bone 
screw’s. 84,8 ' This method of repair is thought to create 
a more biomechanically sound fixation by placing the 
implant within the bone rather than applying bone plates 
to the external surface of the hone. I he potential benefit 
of interlocking nails in equine orthopedics awaits further 
clinical use. 
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External Methods of Fracture Fixation 

External fixators or transfixation pin casts have be¬ 
come more widely used for fracture repair in horses over 
the past several ycars. 8 ’* 94 They are most useful for stabi¬ 
lizing or preventing collapse of comminuted fractures of 
the distal limb, where other forms of internal fixation 
cannot be used. I hey are also used to treat open fractures 
w hen placement of implants w'ould likelv result in osteo- 
myelitis. 

The fixator pins (usually 0.25 inch or 6.35 mm in 
diameter for an average adult horse) can be placed above 
and below the fracture; but in most cases, pins are placed 
only above the fracture (Fig. 6.39). Polymethylmethacry¬ 
late or stainless-steel side bars can be used as the con¬ 
struct of the fixator to connect the pins if used above 
and below the fracture, or a fiberglass cast is applied to 
the limb to support the pins. 80,99,1 "’ For most phalangeal 
fractures, two to three pins are placed in the distal to 
middle aspect of the metatarsus/metacarpus, and a half- 
limb fiberglass cast is applied to the limb to serve as the 
side bars of the external fixator, 82 81 The translation 
cast permits the horse* to ambulate on the limb without 
further displacement of the fracture during the healing 
process, 

A specially designed externa! fixator for horses (Nu- 
namaker) that docs not use a fiberglass cast may also he 



Figur* 6.39 Two 6.35-mm-<I»ameter threaded intramedullary 
pins were placed through the distal metatarsus and incorporated 
into a fiberglass cast (transfixation pin cast) to prevent collapse of 
a severely comminuted second phalanx fracture in a mare 


used. 1 *'* Catastrophic failure of the bone through one of 
the external fixator pinholes is the most severe complica¬ 
tion of this form of fixation. Other potential problems 
include infection around the pins, premature pin loosen¬ 
ing, chronic pain associated with the pins, and prolonged 
fracture healing. 

Fractures as a Cause of Lameness 

Consequences of fracture healing may lead to lame¬ 
ness. This has been termed “fracture disease” in humans 
and is seen in certain circumstances in horses. A major 
cause of disability in humans after fracture healing is 
stiffness of joints from disuse. This is rarely seen in horses 
and should not be confused with stiffening resulting from 
ankylosis of joints associated with the development of 
degenerative |oint disease. 14,1 In fact, joint laxity, espe¬ 
cially in young animals with fractures treated with casts, 
seems to occur more often than joint stiffness in horses. 

Most fractures, however, are accompanied by some 
degree of soft tissue (muscle, tendon, and ligament) dam¬ 
age that may lead to scar tissue formation (Fig. 6.40A). 
Subsequently, there is obliteration of normal tissue 
planes, which may impair tendon function, produce stiff¬ 
ening of neighboring joints, and cause flexural deformi¬ 
ties in growing animals. A malunion of the fracture may 
also lead to athletic disability in some horses (Fig. 
6.40B). In addition, implant-associated pain from bone 
plates or screws may cause chronic lameness or poor 
performance in athletic horses. In some cases, implants 
used for interna! fixation of fractures may need to be 
removed in performance horses to prevent these prob¬ 
lems. 

Tendon and muscle flaccidiry and atrophy of sur¬ 
rounding muscles are also seen in horses with fractures 
Treated with external immobilization, such as casts. This 
usually is a temporary problem that is self-correcting 
with time but may lead to permanent lameness. Other 
aspects of so-called fracture disease in the nonfractured 
limb include angular limb deformities caused by exces¬ 
sive axial loading on active growth plates in young 
horses, stretching of flexor tendons and associated mus¬ 
cles, and support limb laminitis caused by excessive 
w eight bearing. Support limb laminitis w r ith rotation of 
the distal phalanx is unique to the horse and is a poten¬ 
tially devastating complication of equine fracture repair. 

Infection is a serious complication of fractures and 
can eventually lead to permanent lameness or a non¬ 
union of the fracture. Infection is most likely to occur 
with open fractures and those repaired with internal fixa¬ 
tion. 1 ” Severe infections may necessitate euthanasia of 
the animal, whereas milder more chronic infections may 
necessitate removal of the implants or necrotic bone to 
resolve the infection. Open, infected fractures that even¬ 
tually heal are often accompanied by considerably more 
fibrosis with a greater chance of loss of function of sur¬ 
rounding structures than arc closed noninfcctcd frac¬ 
tures. The limb may be permanently thickened as a result 
of scar tissue and callus formation, w'hich may lead to 
impaired limb function, 140 

Bone Infections 

“Osteitis” and “osteomyelitis” arc terms used to de¬ 
scribe inflammation of bone involving the periosteum 
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Figure 4.40 Fracture of the third metacarpus several months |8i Considerable soft tissue swelling and fibrosis were also 

after treatment with external splinting only The fracture had present in the metacarpal region, which Is not uncommon after 

healed but was malaligned both clinically (A) and radiographically fracture healing. 


and connective tissues of Haversian and Volkmann’s ca¬ 
nals and the medullary cavity. 71 If the process begins in 
or involves the periosteum and outer bone cortex, the 
term “osteitis" or "osteoperiostitis" is used. If the infec¬ 
tion involves the medullary cavity, the term “osteomyeli¬ 
tis” is used. The prognoses and treatments for osteitis 
and osteomyelitis are quite different, and it is important 
to make a distinction between the two categories of bone 
infection. 10 


Infectious Osteitis 

Osteitis commonly occurs in the extremities of the 
horse (mostly metacarpal/metatarsal regions) because of 
the sparse soft tissue coverage in this location. It is usu¬ 
ally the result of infection from a nearby septic process 
or from a break in the skin. 10,1 s Osteitis is seen fre¬ 
quently when a horse is kicked but the overlying skin is 
not broken and may be similar to a bone bruise when 
no sequestrum develops. 

If the skin is broken, exposing the periosteum, the 
outer layers of cortical bone may eventually die, but the 
deeper cortical layers of bone survive because of the 


blood supply from endosteal vessels. For example, avul¬ 
sion injuries with bone exposure of the dorsal aspect 
of the metacarpus/meta tarsus frequently develop osteitis 
and sequestration. 11 * 1 Bacteria that gain entrance to the 
bone lodge in the superficial layers of the bone, resulting 
in a thin layer of dead bone I bone sequestrum > within 
the wound (Fig. 6.41). Although granulation tissue may 
advance over the bone sequestrum, the rate of advance¬ 
ment is usually slow. Occasionally, granulation tissue 
advances under the sequestrum and extrudes it from the 
wound. The rare of healing of a wound can usually be 
accelerated by early removal of the sequestrum. 

By definition, the two requirements tor the formation 
of a sequestrum are avascularity and infection. There¬ 
fore, most surgeons believe that blunt trauma to the bone 
cortex does not cause sequestration in the absence of 
infection. 1 ' 1 Sequestration without skin penetration 
does occur in horses, although it is rare. In cases in which 
there is no break in the skin, the hematoma may become 
infected hematogenously, leading to sequestrum forma¬ 
tion, fistularion, drainage, and a nonheating wound. This 
appears to occur most commonly with injuries to the 
splint bones, but most cases include skin wounds that 
lead to secondary* bacterial infection. 
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Figure 6.41 Lateral view of the metatarsus, showing a large 
cortical sequestrum in the dorsoproximat aspect of the metatarsus 
{arrows}- The yearling had severely traumatized the metatarsal 
region 3 weeks earlier and was lame. 


Chronic persistent drainage from any wound in the 
horse suggests the presence of a bone sequestrum or for¬ 
eign body. Drainage will rarely subside, or at least 
wound healing will lie substantially prolonged, without 
surgical removal of the sequestrum. This is because the 
pathogenic organisms reside within the necrotic bone, 
which is avascular, thereby resisting the animal's im¬ 
mune defenses. 

The severity of lameness accompanying osteitis in 
horses is variable and inconsistent. In addition, the ra¬ 
diographic signs of osteitis depend on the duration that 
has elapsed between the injury and time of examination. 
Initially, there may he soft tissue swelling with radio- 
graphic evidence of bone resorption. At 7 to 14 days 
after the injury, periosteal proliferation may he evident. 
Sequestrum formation may also be visible at that time, 
as osteoclastic resorption occurs at the periphery of the 
damaged hone. Radiographic evidence of a sequestrum 
is usually not visible for a minimum of 2 to 3 weeks 
after the injury. 1 ' At that time, the sequestrum and the 


sclerotic margin around the sequestrum—called the in- 
volucrum—are usually visible. 1 *' 

Occasionally, an osteitis may resolve spontaneously, 
especially if there is no infectious component or if the 
sequestrum is small and extruded from the wound. If 
bacteria and necrotic bone are present, the wound will 
be exudative indefinitely until the sequestrum is re¬ 
moved. 140 Wound debridement of unhealthy scar tissue 
and necrotic hone is usually required for healing to 
occur. Removal of bone sequestra is best performed with 
the animal under general anesthesia. Thin cortical se¬ 
questra associated with avulsion injuries of the dorsal 
aspect of the cannon bone can often he removed, how¬ 
ever, in the standing, sedated horse. After the surround¬ 
ing granulation and scar tissue have been excised, the 
area should be curetted until the bone appears to be 
healthy. Most wounds are either closed primarily or left 
to heal by second intention after debridement. 

Parenteral antibiotics are of limited value when used 
alone to treat bone sequestra because of poor penetration 
of the antibiotics into the necrotic bone. Antibiotics arc 
indicated if there are signs of cellulitis {phlegmon) associ¬ 
ated w ith the lesion and after surgical debridement of the 
wound. Usually, a wide variety of organisms {secondary 
pathogens) can be cultured from the wound; occasion¬ 
ally, these bacteria are resistant to antibiotics that are of 
practical use in the horse. Culturing the sequestrum itself 
usually gives the mosr accurate diagnosis of the causative 
bacteria. The prognosis for horses with osteitis and se¬ 
questrum removal is usually excellent. 

Osteomyelitis 

Osteomyelitis is a more extensive inflammation of the 
bone than osteitis. It begins within or extends into the 
medullary cavity. Osteomyelitis in horses can be divided 
into three categories, based on the origin of the infection: 
hematogenous, traumatic, and iatrogenic. 10 Osteomyeli¬ 
tis from a hematogenous origin occurs primarily in neo¬ 
nates and only rarely in adults. Traumatic osteomyelitis 
can occur in any age horse and is usually the result of 
penetrating wounds or open fractures. Iatrogenic causes 
of osteomyelitis include surgery, such as internal fixation 
of fractures, and intraarticular injections of medications. 

Typks 

Hematogenous Osteomyelitis. The localization of he¬ 
matogenous osteomyelitis in the metaphyseal region can 
be explained by sluggish metaphyseal blood flow where 
the blood vessels form terminal sinusoids. This permits 
bacteria to localize in these areas and establish an infec¬ 
tion (Pig. 6,7). The infection in the bone spreads by way 
of Haversian and Volkmann's cavities, and prostaglan¬ 
dins are considered responsible for bone destruction. 140 
Thrombosis of blood vessels also occurs as the infection 
spreads, producing death of the osteocytes in their la¬ 
cunae. 104 '* The inflammatory process may increase 
pressure w'ithin the bone, further impairing blood sup¬ 
ply. The result is hone necrosis w ith possible sequestrum 
formation. 

Kith 1 '’ classified hematogenous infections in foals 
into three categories based on the location of the infec¬ 
tion. S-rvpe infections involve the synovial membrane of 
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Figure 6.42 Lateral view of the stifle in a foal with lameness 
and severe effusion of the femoropatellar joint Lysis within the 
patella suggests hematogenous osteomyelitis (arrow) The caudal 
or ventral aspect of the patella directly below the lesion was 
removed via arthroscopy, and the joint was lavaged. 


joints, P-type infections involve the physis and usually 
the mctaphysis, and E-type infections involve the ept- 
hysis. These infections are not completely isolated, 
owever, and foals may show multiple types of hematog¬ 
enous infection at multiple sites (Fig. 6.42), Bone infec¬ 
tion caused by Salmonella spp., for example, typically 
involves several bones. 140 

Hematogenous osteomyelitis is frequently secondary' 
to infections elsewhere in the animal’s bodv, such as the 
umbilicus, gastrointestinal tract, or lungs. 10 Foals with 
a compromised immune system resulting from failure of 
passive transfer or septicemia appear to be predisposed 
to hematogenous osteomyelitis. In many of these foals, 
multiple body systems are involved with signs referable 
to infection in these regions. Therefore, a complete physi¬ 
cal examination is essential. Some foals will recover com¬ 
pletely from the initial infection, however, only to de¬ 
velop bone or joint infections several days later when 
they appear to be very healthy. The most common bacte¬ 
ria that cause hematogenous infections in foals are gram- 
negative enterics such as Escherichia call. 10 -*'* Other 
causative organisms include Staphylococcus spp.. Strep¬ 
tococcus spp., Rhodococcus spp., and Salmonella spp. 

Traumatic Osteomyelitis. An open fracture or a pene¬ 
trating wound may lead to traumatic osteomyelitis in 
any age horse (Fig. 6.43). There is usually some degree 
of trauma to the skin and surrounding soft tissues with 
these injuries, and the pathogenic organisms may directly 
enter the medullary cavity' through the open wound. Bac¬ 
teria associated w'ith these types of infections include 
gram-negative emeries. Staphylococcus spp.. Streptococ¬ 
cus spp., and anaerobes. 10,1 w Infection spreads through 
the bone in a manner similar to that for hematogenous 
osteomyelitis. Occasionally, there is no overt break in 
the skin, but the necrotic tissue provides a medium for 
bacterial proliferation and infection develops from a he¬ 
matogenous route. 



Figure 6.43 Oblique view ot the tarsus in a horse with a 
puncture wound and infection of the calcaneal bursa Lysis within 
the proximal aspect of the calcaneus (arrows) suggests concurrent 
osteitis or osteomyelitis of the bone 


A vascularity is a major factor in the pathogenesis of 
osteomyelitis; therefore, fractures that leave bone frag¬ 
ments isolated from a blood supply are at risk for devel¬ 
oping infection. 10 Treatment or an open fracture without 
providing absolute stability* is usually futile unless the 
dead, avascular fragments can be removed or reincorpo¬ 
rated into the healing fracture so they can be revascu- 
larized. 140 Alternatively, some type of external fixator 
may be used to stabilize the fracture without disrupting 
the soft tissues around the fracture site. 82 *" In this man¬ 
ner, the potential for osteomyelitis is decreased because 
no implants are placed near the fracture, and the vascu¬ 
larity to the fracture is not further impaired. 

Iatrogenic Osteomyelitis. The cause of osteomyelitis 
after internal fixation of fractures is usually contamina¬ 
tion from an open wound (open fracture). Regardless of 
the type of internal fixation used, infection after repair 
of open fractures is much more common than after repair 
of closed fractures. Contamination of the fracture during 
the surgical procedure can and does occur, however, par¬ 
ticularly if it is prolonged (longer than 3 hours), 10 Usu- 
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ally, the fracture hematoma, avascularity at the fracture 
site, and the implantation of foreign material (pins, 
plates, screws, etc.) contribute to the development of os¬ 
teomyelitis because they provide favorable conditions 
for bacterial growth. Once bacteria become established 
where nutrients are available, proliferation occurs within 
a polysaccharide slime forming a biofilm-enclosed col¬ 
ony. This biofilm or bioslime is formed by bacterial ex- 
tracapsular exopolysaccharides that bind to surfaces of 
rhe implants and help maintain infection by protecting 
the bacteria from the host defenses. Because of this, os¬ 
teomyelitis may develop despite prophylactic antibiotic 
coverage at the time of fracture repair, especially in open 
fractures. Highly resistant bacteria such as methicillin- 
resistant Staphylococcus aureus and gram-negative en¬ 
terics often cause these infections. 10 

Clinical Signs 

Hematogenous osteomyelitis may be missed in its 
early stages and often presents after the lameness has 
become unresponsive to medical therapy. Frequently, the 
owner thinks that the lameness was the result of an in¬ 
jury, such as a sprain, or of being stepped on by the 
mare. There is usually a severe lameness with cellulitis 
similar to that seen with fractures. Pain is usually elicited 


by direct pressure and manipulation of rhe joint!s) adja¬ 
cent to the infection, and a fever is commonly seen in 
foals. Clinical signs of traumatic and iatrogenic osteo¬ 
myelitis are similar and include lameness, soft tissue 
swelling, retarded wound healing over the implants, 
drainage, and fistulation. Signs can he present as early 
as 7 to 10 days after injury or surgery or may be delayed 
for 3 to 4 weeks. 

Radiographic Signs 

Loss of bone density resulting from a reduction in the 
calcium salt content of the bone occurs gradually with 
osteomyelitis. Lytic changes in the bone arc not visible 
until 10 to 50% of the bone mineral has been re¬ 
moved. 1 M This is usually evident 10 to 14 days after the 
onset of infection (Fig. 6.44). In more chronic cases, 
there are often sclerotic margins around the lytic regions 
because of new bone formation. Sequestrum formation 
with a surrounding envelope (called the involucrum) and 
endosteal and periosteal thickening may also he evident. 
Occasionally, osteomyelitis may penetrate into an adja¬ 
cent joint, producing signs of a septic arthritis. 

With osteomyelitis after fracture repair, blurring of 
the cancellous trabecuiarion and a “moth-eaten” appear¬ 
ance at the fracture site will be seen on radiographs. 141 ' 



Figure 6.44 Lateral (A) and oblique (B) views of hematogenous osteomyelitis in the distal radius of a loal. 

showing lytic changes in the bone 
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Figure 6.45 Osteomyelitis after internal fixation ol a fractured 
third metacarpal bone. Lysis of me bone is occurring under the 
plate (solid arrow) and along one of the screw threads (open 
arrow). 


Lysis along the screw threads or under the plate may 
become evident with time. Usually, a piece of bone that 
is decalcified and surrounded by a lucent zone is a sign 
of sequestrum formation, A zone of bone destruction 
adjacent to the implants typically occurs under the plate 
and directly along the screw threads (Fig. 6.45). In more 
chronic cases of osteomyelitis, zones of both bone pro¬ 
duction and bone destruction are visible radiographi¬ 
cally. 1 ' 1 

Treatment 

The lameness in many foals with hematogenous os¬ 
teomyelitis is frequently attributed to trauma but is, in 
fact, the early stages of infection. Therefore, at the time 
of initial examination, the infection is often well ad¬ 
vanced with obvious radiographic signs, making it diffi¬ 
cult to treat medically. 10 ’ 1 14 If, however, acute hematog¬ 
enous osteomyelitis is suspected in a foal despite there 
being no radiographic signs, broad-spectrum bacterio¬ 
cidal antimicrobials should be administered. A blood 
culture may be taken to determine the causative bacteria, 
but it is often unrewarding. The duration of antimicro¬ 
bial use is largely empiric (usually a minimum of 3 
weeks) and should be based on the clinical response of 
the animal. Antimicrobials alone may be unsuccessful, 
however, because of the ischemic nature of the disease 


and poor penetration of the antimicrobial into infected 
avascular bone. Antimicrobials arc best used early in the 
course of the infection and at high doses. Antimicrobials 
used most commonly to treat horses and foals with os¬ 
teomyelitis include penicillin, gentamicin, amikacin, cef- 
tiofur, cefazoiin, enrofloxactn, and vancomycin. Prosta¬ 
glandin synthesis inhibitors (NSAIDs) have been 
beneficial for treating acute osteomyelitis in humans and 
animals in conjunction with antimicrobials. 140 They 
should be used cautiously in foals to avoid possible gas¬ 
trointestinal ulceration, and concurrent antiulcer medi¬ 
cation may be warranted. 

If there is no response to medical therapy and/or the 
osteomyelitis is localized, then surgery in conjunction 
with medical therapy is recommended. If the lesion can 
be accessed through a joint, which is often the case with 
hematogenous infections, then arthroscopy should be 
used to remove the damaged bone (Fig. 6.42). A sample 
of the bone should be obtained at surgery and submitted 
for culture and sensitivity testing. Debridement of in¬ 
fected fractures or open wounds should be performed to 
remove avascular bone and infected soft tissue and to 
decrease bacterial numbers. 

Cancellous bone grafting is often used with infections 
of fractures to speed fracture healing. A major priority 
for treatment of osteomyelitis associated with fractures 
is to achieve stability of the fracture, however. Stability 
needs to be maintained not only for fracture healing but 
also for limiting the spread of infection. 140 Loose im¬ 
plants should be removed and fracture stability should 
be achieved by other means, such as replacing, external 
fixators, interlocking nails, external immobilization, or 
a combination of these techniques. If it is impossible to 
stabilize the fracture w’ith inrernal fixation, external fixa¬ 
tion, or both, euthanasia mav be the only alternative, 
since it is unlikely that the infection will resolve. 

Other methods used to treat osteomyelitis include re¬ 
gional perfusion of antimicrobials directly into the med¬ 
ullary cavity of the hone or w r ithin the vascular system 
of the limb. 51-15 ■ The goal is to obtain high tissue con¬ 
centrations of antibiotics to achieve better bacterial kill, 
A tourniquet should be placed above and below the site 
of infusion and maintained for a minimum of 30 minutes 
to achieve optimal results. 10,1,1 In addition, antimicro¬ 
bial-impregnated polymethylmethacrylate (PMMA) 
may be placed locally into the wound to achieve high 
antibiotic concentrations in and around the frac¬ 
ture/ ,15S The antimicrobials (amikacin or a cephalo¬ 
sporin) are incorporated into the PMMA during mixing 
and will elute from the PMMA into the wound for sev¬ 
eral days to weeks after they are placed. The PMMA 
is usually molded into bead or cigar shapes and placed 
adjacent to the implants, fracture, or infection site (Fig 
6.46). 5 The use of antibiotic-impregnated PMMA is 
thought to greatly improve the chances of successful 
treatment of osteomyelitis in horses, especially that asso¬ 
ciated with internal fixation. 5 

Prognosis 

The prognosis for foals with hematogenous osteomye¬ 
litis depends on the individual situation, bur if multiple 
sites arc involved, rhe prognosis is usually poor. If the 
site of osteomyelitis can be thoroughly debrided, how- 
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Figure 6.46 Lateral view of the pastem in a horse with a 
chronic infection of the proximal interphatangeal joint, which had 
developed from a wound and did not respond to systemic 
antimicrobials After debndement of all damaged bone and 
arthrodesis of the joint, amikacin-impregnated PMMA beads were 
placed to help treat the infection (arrows). There was no 
recurrence of the infection after surgery. 


ever, the infection can usually be resolved. The prognosis 
with traumatic osteomyelitis depends on the bone in¬ 
volved and the duration and severity of the infection. 
Traumatic osteomyelitis is usually less difficult to resolve 
than iatrogenic infection. Osteomyelitis after internal 
fixation of a fracture is one of the most difficult diseases 
to resolve successfully in horses. I(I S Therefore, the prog¬ 
nosis for these animals is extremely guarded, particularly 
for adult horses. 


Infectious Physitis 

Hematogenous infections of the physes are not un¬ 
common in foals and have similar predisposing factors 
as other bone and joint infections in foals. The physis is 
often the initial location of hematogenous bacteria and 
infection, which can subsequently spread to the neigh¬ 
boring epiphysis and joint (Fig. 6.7). Multiple physes 
can be infected simultaneously, but this is uncommon. 
Clinical signs, radiographic findings, and treatment are 
similar to those for other bone infections. 


Bone Cysts 

True bone cysts that occur in other species (primarily 
aneurysmal and unicameral) have been reported to occur 
rarely in horses, 34 The most common site appears 
to be the mandible. “Unicameral bone cysts” are solitary 
intraosseous cysts lined by thin connective tissue mem¬ 
branes. 68 “Aneurysmal bone cysts” are expansile lesions 
consisting of anastomosing cavernous spaces filled with 
unclotted blood and lined with fibrous walls of various 
thicknesses. 77 These cysts usually contain osteoid tissue 
or osseous components, without elastic laminae or mus¬ 
cle layers. 7 Aneurysmal and unicameral bone cysts are 
more characteristic of true cystic lesions, since they do 
not involve an articular surface and are usually solitary, 
expansile, intraosseous lesions. Most true bone cysts re¬ 
ported in dogs and people occur in the distal or proximal 
metaphyses of long bones. 

The cause of aneurysmal and unicameral hone cysts 
in any species is uncertain. Unicameral cysts are thought 
to result from the encapsulation and alteration of a focus 
of intramedullary hemorrhage, supposedly from trauma. 
Alternatively, trauma causes a disturbance in endochon¬ 
dral ossification, resulting in a cystic defect within the 
metaphysis," Aneurysmal bone cysts arc generally be¬ 
lieved to develop secondary to a preexisting lesion, such 
as fibrous dysplasia, hematoma from trauma or bleeding 
disorders, or neoplasia. 134 One case of aneurysmal bone 
cyst of the distal metaphysis of the metatarsus in a horse 
was thought to be caused by trauma. 134 

Whether the pathogenesis of aneurysmal and unica¬ 
meral bone evsts and subchondral cystic lesions are inter- 

# _ W 

related is controversial. Most of the evidence (including 
pathogenesis and clinical characteristics) suggests that 
subchondral cystic lesions, at least in horses, are a dis¬ 
tinctly separate clinical entity from aneurysmal or unica¬ 
meral bone cysts.* In addition, aneurysmal and unica¬ 
meral bone cysts can be difficult to differentiate from 
some bone tumors in horses (Fig. 6.47). 

Treatment of true bone cysts in horses usually in¬ 
volves surgical curettage of the lesion with or without 
autogenous cancellous Done grafting. Spontaneous reso¬ 
lution of the cyst may also occur, and some bone cysts 
in people respond to intralesional steroid injections.^ 
The prognosis for resolution of bone cysts in horses is 
usually good, depending on the location of the cyst. 

Bone Tumors 

Primary bone neoplasia is rare in horses. The most 
common bone tumors in horses are osteoma, ossifying 
fibroma, multilobular osteoma or osteochondrosar¬ 
coma, and osteosarcoma/' Although these rumors may 
develop at any location, the face and head (mandible, 
skull, and paranasal sinuses) appear to be the usual sites 
of occurrence. Osteomas are benign tumors and consist 
of well-differentia ted bone that typically occur within 
the paranasal sinuses or on the skull. Ossifying fibromas 
arc benign fibro-osseous lesions that usually involve the 
rostral aspect of the mandible, premaxilla, or paranasal 
sinuses (Fig. 6.48). 55 Multilobular osteomas or osteo¬ 
chondrosarcomas are rare in horses but usually involve 
the skull or paranasal sinus (Fig. 6.49). These tumors 
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Figure 6.47 Oblique view of the metatarsus of an adult horse 
with firm swelling of the bone and lameness, revealing a large lytic 
lesion and extensive penosteat new bone growth indicative of 
neoplasia (arrows). The lesion was debnded and a biopsy 
suggested possible osteosarcoma. Because the lesion showed 
minimal progression, however, it may have been a true bone cyst 
and not a tumor. 






Figure 6.46 Large firm swelling ol the rostral aspect of the 
mandible in a young Quarter Horse filly, consistent with an 
ossifying fibroma (arrow). A rostral mandiibulectomy was performed 
to completely remove the tumor. 


B 

Figure 6.49 A A large external swelling ol the paranasal sinus 
region in a 3*year-old Quarter Horse gelding B. Lateral view of the 
same region, showing a large osseous mass within the maxillary 
sinuses Biopsy suggested multilobular osteochondroma 
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arc generally benign but locally aggressive and can be 
removed surgically. Osteosarcomas are malignant tu¬ 
mors* arising from mesenchyme, in which neoplastic 
cells produce osteoid or bone. 

In horses, the skull, axial skeleton, ribs, and occasion¬ 
ally the limbs are the commonly affected sites. The clini¬ 
cal signs caused by these rumors depend on the location 
and specific type of neoplasia. The diagnosis of neoplasia 
is usually made based on its radiographic appearance 
and is confirmed by histopatbology of biopsy or autopsy 
specimens. Treatment depends on the location of the 
tumor, involvement of the parent bone, and the specific 
type of osseous tumor. In general, all tumors except os¬ 
teosarcomas can potentially be removed successfully 
with minimal recurrence if complete tumor excision is 
achieved.'* Unfortunately, complete tumor excision is 
not always possible. 

Bone Contusions 

Bone contusions (bruising, periostitis) from direct or 
indirect trauma are known to occur in people and con¬ 
tribute to orthopedic pain and lameness. Most joint pain 
in people is thought to originate from bone and is typi¬ 
cally seen as edema of the subchondral bone on MRI (R. 
Steadman, personal communication, 1998). 

With the amount of trauma that horses seem to en¬ 
counter, bone bruising probably occurs much more often 
than is currently recognized or diagnosed. Diagnosing 
bone contusions and bruising in horses is difficult and 
mostly subjective. This is especially true for bone pain 
originating in joints, Most none contusions are diag¬ 
nosed based on the history, clinical findings, and lack of 
radiographic abnormalities. With bone contusions, evi¬ 
dence of pain can usually be elicited with direct pressure 
over the affected site. In addition, bone pain usually 
causes a more severe lameness than most soft tissue inju¬ 
ries, and pain is often elicited on manipulation of the 
affected bone or joint. 

Radiographs arc useful only to document the absence 
of fractures or other abnormalities within the affected 
bone or joinr. Nuclear scintigraphy is useful for docu¬ 
menting abnormal bone metabolism of the affected site 
but cannot be used to definitively diagnose a bone bruise. 
MRI and CT arc used in humans for diagnosing bone 
damage or conrusion but are available for use in horses 
at only a lew veterinary institutions. ,,lJ ' f,,<,112 

Treatment of bone contusions is similar to any type 
of acute musculoskeletal trauma, and includes inactivity, 
cold therapy, hydrotherapy, bandaging, and NSAlDs. 
Suspected bone contusions within joints can also he 
treated with mtraarticular medications. The prognosis 
of horses with bone contusions is usually good, unless 
damage to the subchondral bone of a joint contributes to 
joint pathology and secondary osteoarthritis (Fig. 6.23), 

SYSTEMIC DISEASES OP BONE 
Osteoporosis 

In osteoporosis, the hone mineral density (BMD) of 
the bone matrix is reduced. The bone becomes porous, 


light, and fragile and is prone to fracture. Osteoporosis 
in horses is an uncommon or at least an uncommonly 
recognized clinical problem. The term “osteopenia” is 
used if the BMD is reduced but spontaneous fractures 
do not occur. Clinically, osteopenia is much more com¬ 
monly recognized in horses than is osteoporosis. 

Generalized Osteopenia 

The generalized osteoporosis seen in postmenopausal 
women is not recognized in older horses. Older mares, 
however, may be more prone to long bone fractures dur¬ 
ing recovery from general anesthesia. Whether this may 
be due to declining estrogen levels associated with repro¬ 
ductive senescence is unknown. Osteoporosis is seen oc¬ 
casionally with undernutrition rather than with actual 
deficiencies in calcium, phosphorus, or vitamin D. In 
most affected horses, however, osteoporosis is usually 
associated w ith a diet low in calcium, high in phospho¬ 
rus, or low in vitamin D. Osteoporosis is associated with 
copper deficiency and chronic lead poisoning in lambs, 
but this has not been seen in foals. 14 

A condition first recognized in Thoroughbred foals 
may be a manifestation of generalized osteoporosis. 11 
The condition is characterized by fractures of rhe proxi¬ 
mal sesamoid bones and typically occurs w r hen foals, 
trying to keep up with their dams, gallop to exhaustion. 
Foals seem more prone ro the condition if they are con¬ 
fined after birth. During this time of relative inactivity, 
the bones are not subjected to the stresses required to 
strengthen them, potentially weakening the skeletal sys¬ 
tem (Fig. 6,50). Some underlying metabolic problem or 
deficiency that produces osteoporosis may exist, but at 
this time it is undefined. Other lameness problems and 
unexplained fractures in horses may be attributed to gen¬ 
eralized osteoporosis, but their pathogenesis and cause 
are often unexplainable. 

Localized Osteopenia 

Localized, or disuse, osteopenia is fairly common, es¬ 
pecially in horses after rigid external immobilization of 
their limbs (casting). Disuse osteopenia may also occur tn 
horses with severe or chronic lameness or neuropathies, 
such as radial none paralysis in which weight bearing 
is reduced. With decreased weight hearing, there is in¬ 
creased resorption of hone and decreased bone forma¬ 
tion. One study reported that 6 weeks of cast immobili¬ 
zation of the thoracic limb of a pony caused a significant 
decrease in weight and specific gravity of the third meta¬ 
carpal hone. J Histologically, the osteopenia in that case 
was caused bv atrophy of osteoblasts with failure of hone 
apposition. 1 * * “ Other studies, however, note that exter¬ 
nal immobilization of the distal limb in horses has only 
a minor effect on articular cartilage with little clinical 
significance. 10 * 

Osteopenia is usually more severe in young animals 
than in adult horses because of their inherent rapid hone 
turnover. Bone cortices become thinner and more po- 
rotic. Fortunately, it rarely contributes to a clinical prob¬ 
lem and is easily reversed when the external immobiliza¬ 
tion device is removed and the animal commences 
normal weight hearing. Localized osteopenia is essen¬ 
tially a radiographic diagnosis characterized by lack of 
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Figure 6.56 AP (A) and lateral <B) views o< a fracture:: proximal sesamo*d bone in a Quarter Horse foal The 

injury occurred after a penod of confinement. 


cortical density and a more lucent appearance to the 
bones (Fig. 6.51),* 4 *' The sesamoids are often the first 
bones to manifest the problem radiographically. Loss of 
bone detected radiographically indicates about a 30% 
BMD loss. 

Further experiments have shown that treatment of os* 
teopenia w ith 25-hydroxycholecalcifcrol has been bene¬ 
ficial. Fortunately, localized osteopenia after immobili¬ 
zation rarely causes any problems. If the external support 
is suddenly removed, however, a pathologic fracture may 
result. To prevent this, the rigidity of the externa! sup¬ 
port should be diminished gradually over time. For ex¬ 
ample, after cast removal a cotton bandage with a PVC 
splint incorporated into the bandage should be applied; 
this will provide less stability than a cast but more sup¬ 
port than a bandage alone. 14 " After splint removal, suc¬ 
cessively lighter, less rigid bandages should be applied 
until no external support of the limb is used. It may take 
several months before the bone regains normal density 
and strength after external immobilization. Occasion¬ 
ally, the original BMD is never reached. 

Stress protection is another example of localized os¬ 
teopenia seen in fractured bones that have been repaired 
with rigid internal fixation devices, such as stainless-steel 
bone plates. I4 " At first, rigid internal fixation enhances 
healing and permits mobility of neighboring joints. Over 


a period of months, however, the bone under the plates 
becomes porotic, w hich produces a weakened bone sus¬ 
ceptible to fatigue fracture when the plate is removed. 
Theoretically, plates should be removed as soon as heal¬ 
ing has occurred. Plates with a lower modulus of elastic¬ 
ity have been designed to minimize stress protection, es¬ 
pecially in people and small animals. In horses, however, 
osteopenia generally does not occur to the same degree 
because a much larger animal places a greater force on 
the healing bone. Therefore, stress protection from inter¬ 
nal fixation is of minimal clinical significance in horses. 
In general, bone plates and other forms of interna) fixa¬ 
tion are not removed in horses unless they contribute to 
infection or cause lameness in performance horses. 

Osteop«trosis 

Osteopetrosis is a rare skeletal disease of horses char¬ 
acterized by an imbalance of bone apposition and resorp¬ 
tion. It is an inherited disease of people, rabbits, mice, 
and cattle and may be an inherited disease in horses. 1 
The underlying problem is a failure of bone resorption 
by osteoclasts. There is complete closure of the medul¬ 
lary canal at the middiaphysis of the bone because the 
canal has not been remodeled by osteoclasia during de- 
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Figure 6.51 A Radiograph of a fractured third metacarpus in a foat. B Radiograph 5 weeks later revealing 

evidence of localized disuse osteoporosis. 


vclopment from its embryologic state. The disease is also 
characterized by fractures because of a lack of a normal 
bone structure. Since there is no evidence of marrow in 
such bones, an anemia commonly accompanies the con¬ 
dition. 

Osteopetrosis has been reported in a Peruvian Paso 
foal, 12 ' and it may be an inherited condition in this 
breed. In the case described by Singer and Whitenack, 12 ' 
metaphyseal diameters of long bones were wider than 
normal, and the cortices were abnormally thick with 
complete obliteration of the medullary canal. Trabecular 
bone was soft and could be easily crushed, and the bones 
were weaker than normal. Large calluses had formed at 
fracture sites, suggesting that such fractures had oc¬ 
curred in ufero. Because of the inherited nature of the 
disease in other species, owners should be advised 
against allowing the horse to mate. ,2s 

Fluorosis 

Fluorosis is occasionally seen in horses that ingest 
small hut toxic amounts of fluorine in their diet or drink¬ 
ing water. 124 The source of the fluorine is usually con¬ 
tamination from nearby industries. Plants can become 
contaminated from industrial fumes, and wells may be¬ 


come contaminated from an industrial effluent (see 
Chapter 5). In toxic amounts, the fluorine is deposited 
in bone (for which it has a great affinity). Osteomalacia, 
osteoporosis, and exostosis formation occur because of 
excessive mobilization of calcium and phosphorus to 
compensate for urinary excretion. The exostosis is usu¬ 
ally first observed in the third metacarpa 1/metatarsal 
bones, commonly as hyperostotic lesions (Pig, 6.52), 
Periostea! hyperostoses also are seen at tendon and liga¬ 
ment insertion sites. 

Clinically, affected horses may be intermittently lame 
and show signs of generalized unthriftiness. Their gait 
may be stiff, and they may stand with their feet abnor¬ 
mally placed and, to relieve pain, constantly shift their 
weight. Their hones arc more easily fractured, and if the 
animal was exposed to fluorine during tooth develop¬ 
ment, the teeth display classic mottling. Teeth are gener¬ 
ally regarded as sensitive indicators of fluorosis. u 1 l*he 
diagnosis is usually based on clinical and radiographic- 
signs and is confirmed by analysis of fluorine in hone and 
urine. The diagnosis should be confirmed by examining 
other animals exposed to a similar environment. The 
treatment is directed toward prevention as well as gen¬ 
eral symptomatic treatment of the affected horse (see 
Chapter 5), 
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Figure 6.52 A Enlargement of ttie metacarpi, caused by 
•tuorosts. B Fluorosis of the third metacarpal bone with the 
hyperostotic lesons. (Courtesy of J L Shupe, Utah State 
University, Logan. Utah.) 



Hereditary Multiple Exostosis and Solitary 
Osteochondroma 

Hereditary multiple exostosis (multiple cartilaginous 
exostosis) is an inherited skeletal disorder characterized 
by numerous abnormal projections from growing bones, 
resulting in an unusual bone contour. 41 ** 24 The condi¬ 
tion affects most of the long bones as well as the ribs, 
scapula, and pelvis in horses and is used as a model for 
the condition in humans. 124 The characteristic swellings 
of hereditary multiple exostosis are usually present at 
birth, and the lesions are probably initiated during fetal 
osteogenesis. The swellings are usually bilaterally sym¬ 
metrical and consist of multiple firm bony enlargements 
of various shapes and sizes that are firmly attached to 
bone. 124 Swellings on the limbs do not appear to enlarge 


as the animal matures, but others—such as those local 
on the ribs and scapulae—usually enlarge until matun 
is reached (about 4 years of age) (Fig. 6.53). 1.ament; 
if present, is usually the result of impingement of tendc 
and muscle groups by the bony masses. Some horses ir: 
present with a variety of joint and tendon sheath swi 
Ings. 1 Grossly, the tumors adopt a variety of shaft 
ranging from conical to rounded, pedunculated, mu i 
lobulatcd, and spurlike. Histologically, such rumors s 
pear as osteochondromas and do nor appear to unden 
malignant transformation.* 25 They usually have a sirr 
cartilage cap covering underlying spongy cancello 
bone. There is no known treatment for this conditio* 
Solitary osteochondromas occur more commonly' 
horses than hereditary multiple exostosis and usually • 
velop on the caudomedial aspect of the distal radial rr 
taphysis. 75,141 They are not considered to be an inherit 
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Figure 6.53 Hereditary multiple exostosis involving the scapula 
(A) and spinous processes of the thoracic vertebra (B). (Courtesy 
of J. L Shupe, Utah State University, Logan, Utah.) 


condition, as is hereditary' multiple exostosis. Horses 
with osteochondromas on the caudal aspect of the radius 
usually present with lameness and swelling of the carpal 
canal. The masses resemble hereditary multiple exosto¬ 
sis, but the lesions are usually not symmetrical. s, ‘ 11 Ra- 
diographic examination usually reveals an osteocartilag¬ 
inous exostosis protruding from the caudal aspect of the 
radius (Fig. 8.284|. Large exostoses may cause lameness 
by interfering with muscle movement, such as the hu¬ 
meral head of the deep digital flexor muscle, or pain 
from carpal canal effusion. •' 11 Carpal sheath effusion 
is usually the result of the exostosis and generally does 
not resolve unless the bone is removed. Surgical ap¬ 
proaches for removal of osteochondromas in this region 
include an incision into the carpal sheath or tenoscopy 
of the carpal canal. 111 

Solitary osteochondromas may also develop in joints 
associated with previous trauma or surgery. Small, dis¬ 
lodged pieces of cartilage may become trapped in the 
synovium, develop a blood supply, and grow to form 
osseous masses. These do not always cause a clinical 
problem but will often lead to persistent synovial effu- 



Figure 6.54 Lateral view of the metacarpophalangeal joint, 
showing osteochondromas (arrow) in a horse 2 years after 
arthroscopic surgery to remove chip fractures and an enlarged 
villonodular pad. The osseous densities were not present after 
surgery but had gradually ossified and enlarged In that time. 


sion. The dorsal aspect of the fetlock appears to he par¬ 
ticularly susceprihle to osteochondroma formation (Fig. 
6.54). ' 

Tumoral Calcinosis 

Tumoral calcinosis (calcinosis circumscripta) is the 
formation of calcified, granular, amorphous deposits in 
the subcutaneous tissues that induce a fibrosing granulo¬ 
matous reaction. 11 ' The deposits usually occur in the 
subcutis near joints and tendon sheaths.-^ 4 * The condi¬ 
tion occurs infrequently in the horse, although it may he 
more common rhan is actually recognized. The cause 
of tumoral calcinosis is unknown. 

Affected horses usually present with unsightly swell¬ 
ings that are becoming progressively larger; lameness is 
uncommon. The swellings are firm and painless, and the 
skin is usually intact and movable over the swellings. The 
most common location for tumoral calcinosis lesions is 
the lateral aspect of the stifle, lateral to the fibula, and 
beneath the aponeurosis of the biceps femoris and lateral 
crural fascia. Of 18 cases reported in the literature, le¬ 
sions occurred over the lateral surface of the tibia close 
to the femororibial joint in 16 horses. 4 * 1 Radiographi¬ 
cally, the lesions are characterized by radio-opaque 
calcified deposits. On the cut surface of the lesions, there 
is a honeycomb-like appearance with a calcareous, gritty 
deposit enclosed in a dense fibrous capsule. 

The treatment for calcinosis circumscripta is surgical 
excision. This should be performed only in cases in 
which lameness can be directly attributed to the lesion. 
The lesion may he so firmly attached to the stifle joint 
capsule that it cannot lie dissected free without opening 
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the joint. Therefore, surgical excision of these lesions 
should be performed cautiously. 

Osteodystrophia Fibrosa 

Osteodystrophia fibrosa (nutritional secondary hy¬ 
perparathyroidism) is a generalized bone disease caused 
primarily by a dietary calcium deficiency in the face of 
phosphorus excess. 2 It occurs in all cquids, although 
the horse is more susceptible than its relatives. 1 It is 
most common in horses being fed cereal and cereal by* 

{ products, such as bran (diets high in phosphorus and 
o\v in calcium), hence the name “bran disease.** Adding 
legume hay, which is high in calcium, to the diet can 
usually prevent the disease. 2 ^ It is also seen in horses 
grazing on plants high in oxalates, which chelate the 
calcium and interfere with the absorption of calcium. 
Horses in Queensland, Australia, developed osteodys¬ 
trophia fibrosa when grazed on tropical grasses. 1,10 A 
subclinica! form of the disease may also occur but is diffi¬ 
cult to diagnose because the clinical manifestations are 
subtle. 

The underlying pathogenesis in osteodystrophia fi¬ 
brosa is defective mineralization of hone. The high-phos¬ 


phorus diet leads to increased absorption of phosphorus 
and elevation of scrum phosphate levels. This tends to 
lower serum calcium and stimulate the parathyroid 
gland to increase secretion of parathyroid hormone. 
Parathyroid hormone increases activation of remodel¬ 
ing, leading to resorption of bone. W ith bone resorption, 
there is a compensatory replacement with fibrous tis¬ 
sue, 41 This causes poorly mineralized bone, which is 
eventually replaced with cellular connective tissue. 
Horses of both sexes and all ages are susceptible. Lactat- 
ing mares and foals appear ro he .it increased risk of 
developing osteodystrophia fibrosa (sec Chapter 5). 

The classic form of osteodystrophia fibrosa is called 
“bighead" because of the predilection of the jaws and 
flat bones of the skull to respond to p.irathvroid hor¬ 
mone." 41 The classic clinical signs of the disease include 
a symmetrical enlargement of the mandible and facial 
bones (Fig. 6.55A). There is loss of Lamina dura around 
the teeth, resulting from osteoclastic resorption of alveo¬ 
lar margins; the teeth may eventually loosen. This can 
be identified radiographically and is one of the first signs 
of the disease. Swelling initially begins just above the 
facial crest and in the mandible, producing a reduction 
in intermandibular space (Fig. 6.55B). There may also 



Figure 6.55 A. Symmetrica! enlargement ol the facial bones Yeerongpitiy. Queensland. Australia.) B. Mandibular swelling 

that is associated with nutritional secondary hyperparathyroidism. associated with nutritional secondary hyperparathyroidism 

(Courtesy of R A McKenzie. Animal Research institute. 
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be enough swelling of the palate, maxillae, and incisor 
bones to produce dyspnea. 

The subclinical form of nutritional secondary hyper¬ 
parathyroidism may cause a nebulous shifting limb lame¬ 
ness in horses that is difficult to localize with standard 
perineural anesthesia, 140 The condition may also con¬ 
tribute to unexplained fractures, especially in young 
horses. In such cases, a dietary history is important for 
making the diagnosis. Blood calcium and phosphorus 
levels arc usually normal, and the diagnosis is generally 
based on analysis of the diet and response to treatment 
with calcium supplementation. 

Hypertrophic Osteopathy 

Hypertrophic osteopathy (hypertrophic pulmonary 
osteoarthropathy) is a progressive bilaterally symmetri¬ 
cal proliferation of subperiosteal bone and fibrous con¬ 
nective tissue on the appendicular and axial skeleton and 
facial bones. 540 It is a relatively rare disease in the horse. 
The pathogenesis of hypertrophic osteopathy is still un¬ 
clear. Classically, the disease is associated with a space- 
occupying pulmonary lesion, such as a neoplasm or 
chronic suppurative process (e.g., a large abscess, tuber¬ 
culosis, ora fractured rib with pleural adhesions).* 1 The 
disease rarely occurs in horses with such thoracic lesions 
but has been associated with a granular cell myoblas¬ 
toma 45 The term “hypertrophic osteopathy” is pre¬ 
ferred because the disease has also been associated with 
intraabdominal disorders without pulmonary involve¬ 
ment. Hypertrophic osteopathy was reported in a mare 
with a dysgerminoma (a neoplasm of ovarian primordial 
germ cells) that had abdominal metastases but was free 
of thoracic lesions.* 1 

The two most common mechanisms for the develop¬ 
ment of the disease are classified as neurogenic and hu¬ 
moral. According to the more popular neurogenic the¬ 
ory, an apparent stimulation of the vagus nerve produces 
an alteration of the vasculature and periosteum of bones 
by way of an unknown efferent pathway. Support for 
this theory is based on the fact that in dogs and humans, 
hypertrophic osteopathy lesions may regress after vagot¬ 
omy. A humoral mechanism may also exist, since hyper¬ 
trophic osteopathy has been shown to occur in humans 
when urinary excretion of estrogen is increased. High 
levels of circulating estrogen were reported in a mare 
with hypertrophic osteopathy, although rhe exact rela¬ 
tionship between estrogen levels and hypertrophic osteo¬ 
pathy is purely speculative. 81 

The clinical signs of hypertrophic osteopathy are re¬ 
lated to periosteal hyperostoses. There is symmetric en¬ 
largement of the long bones of the limb, and all bones 
in the limb are affected (Fig. 6.56), There is pain and 
edema of soft tissues, and the horse may have a stiff gait 
and be reluctant to move. The joint surfaces are rarely 
involved, although there may be decreased motion in 
affected joints as well as pain on manipulation. There 
may be signs referable to pulmonary abnormalities, such 
as coughing and nasal discharge. 

Radiographically, there is a generalized increase in 
soft tissue swelling and evidence of periostitis. Irregular 
new bone growth occurs, especially at the proximal and 
distal ends of rhe long bones (Fig. 6.57). 140 The differen¬ 



tial diagnosis should include fluorosis, although the 
gross appearance of the bones, the absence of dental le¬ 
sions, and blood and urine fluorine levels can usually 
eliminate fluorosis as the cause. Lateral radiographs of 
the chest or abdomen may help locate the causative le¬ 
sion (Fig. 6.58). 


Muscle fibers can be classified according to various 
histochemical (staining) reactions. These staining char¬ 
acteristics are useful in the field of exercise physiology 
and, when used on muscle biopsies, help diagnose clini¬ 
cal muscle diseases in horses. The contractility of fibers 
is determined by myosin-adenosine triphosphatase 
(ATPase) activity, and the muscle fibers can be classified 
as either slow-twitch (type 1) or fast-twitch (type 2) fi¬ 
bers. Type 2 fibers can be further subdivided into sub- 
types 2A, 2B, and 2C; type 2C fibers are present only in 
very young animals. 1 w Muscle fibers can also be incu¬ 
bated to determine either succinic dehydrogenase or nic¬ 
otinamide adenine dinucleotidc (NADH) diaphorase ac¬ 
tivity to assess oxidative capacity (grouped as having 
high or low activity). The glycogen content of muscle 
may be determined by the periodic acid Schiff (PAS) reac¬ 
tion, which has revealed that type 1 fibers arc lower in 
glycogen than are type 2 fibers. 10 


By using a combination of oxidative capacity and 
myosin-ATPase activity, three major categories of equine 
skeletal muscle can be identified, 1,1 i0 including slow- 
twitch high-oxidative (ST) type I fibers, fast-twitch high- 
oxidative (FTH) type 2A fibers, and fast-twitch low-oxi- 
dative (FT) type 2B fibers (Fig. 6.59). Differences be¬ 
tween high- and low-oxidative fibers are fairly distinct 
in the untrained horse, but differentiation becomes more 


Figure 6.S6 Atl the distal extremities of this horse have 
swellings associated wllh hypertrophic osteopathy. 
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Figure 6.57 Radiographs of the lett Iront <LF> carpal {At and 
fetlock (Bt joints of a horse with hypertrophic osteopathy, showing 



Figure 6.58 A Radiograph of the thorax of the same horse 
shown in Figure 6 57, revealing a targe pulmonary abscess B 


difficult as training progresses. In humans, the capacity 
for muscle performance (i.e., athletic performance) can 
be related to the individual's muscle fiber profile, 1,(1 
Studies have shown that long distance runners usually 
have a higher proportion of slow-rwitch fibers than the 



irregular new bone growth (Courtesy of N Messer, University of 
Missoun, Columbia, MO.) 



Necropsy specimen of the lung showing the abscess. (Courtesy of 
N, Messer, University of Missouri, Columbia. MO.) 


general population, whereas sprinters have a predomi¬ 
nance of fast-twitch fibers." * In horses, differences in 
fiber rype distribution have been associated with differ¬ 
ences in metabolic response to exercise and when muscle 
fatigue will most likely occur. 1 *** 14 ' 
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Figure 6.99 Equine skeletal muscle stained for myosin ATPase 
after preincubation at pH 4 Note the three different muscle fiber 
types: 1, type 1 (ST) fibers; 2a. type 2A (FTH) fibers; 2b, type 2B 
(FT) fibers. (Courtesy of D Hodgson, University of Sydney. 
Australia.) 


Type I (ST) fibers art* slow-twiteh, high-oxidative red 
fibers that have a lower glycogen storage capacity than 
type 2 fibers. 130,140 They have poorly developed glyco¬ 
lytic enzyme systems and have a slow speed of contrac¬ 
tion. They show little or no fatigue, are good for slow 
speeds, and arc equipped for aerobic metabolism. These 
are the first fibers formed in myogenesis in the embryo, 
and they retain their slow-twitch aerobic capacity 
throughout the animal's life. Snow et al. lz showed that 
horses with the highest proportion of these fibers usually 
have the best performance record in endurance events. 

Type 2H (FT) fibers are fast-twitch white fibers that 
have a well-developed glycolytic pathway but few mito¬ 
chondria. They fatigue rapidly but arc called on for 
short-term powerful phasic activity. Type 2A (FTH) fi¬ 
bers are fast-twitch high-oxidative red fibers that have 
large glycogen storage capabilities, a well-developed gly¬ 
colytic pathway, and many mitochondria. These resist 
fatigue better than type 2B(FT) fibers and are more 
suited for sustained phasic activity. no * 140 

In humans, the proportion of type 1 to type 2 fibers 
in muscles is thought to be genetically controlled. This 
has not been demonstrated in the horse but most likely 
occurs. In horses, the proportion of fibers in the middle 
gluteal muscle may be related to the breed and the type 
of work that the breed has been selected for. It is logical 
to assume that Quarter Horses and Thoroughbreds, 
which are involved in sprinting events, have fewer type 
1 fibers and more type 2B and type 2A fibers than breeds 
such as the Arabian, which arc used more for endurance 
events. 12 * 


Response to Exercise 

The proportion of muscle fibers can, to some degree, 
be altered by training, whereby type 2A and type 2B 
fibers undergo interconversion. 44 In humans, aerobic 
training has been associated with increases in oxidative 
enzyme activities and a marked decrease in type 2B fi¬ 
bers. In horses, however, it appears that the transforma¬ 
tion of type 2B to type 2A fibers is rather limited and 

E ossibly absent in conventionally trained Thorough- 
reds. 1 * 0 

Training is thought to increase the cross-sectional 
area of all three fiber types in horses, similar to what 
has been observed in human athletes. 140 This view is 
controversial, however, and other studies have found 
minimal effects of training on mvofiber size. 130 These 
findings go against the generally accepted opinion that 
gluteal muscle mass increases with training in horses. 
The disparity in the results of these studies may be the 
result of the wide variation in data obtained from muscle 
biopsies. Muscle biopsies are useful in horses, but sam¬ 
ples are too inconsistent to predict performance or the 
response to training. n0,1,0 The response of muscle size 
to training may not be resolved until noninvasive imag¬ 
ing techniques can be used to determine overall muscle 
mass in horses. 

Glycogen depletion within muscle can provide infor¬ 
mation on muscle fiber composition and possible perfor¬ 
mance in horses. 1411 Glycogen is depleted from type I 
muscle fibers at relatively low intensity levels, since these 
arc the fibers involved in endurance training. As type 1 
fibers become depleted, glycogen is lost from the type 2B 
and type 2A fibers, respectively. Type 2A fibers become 
depleted of glycogen in some endurance horses presum¬ 
ably because an increase in speed during the ride causes 
recruitment of these fibers. 12 Proper training, however, 
prevents a progressive reduction in glycogen content that 
may affect performance. For instance, training programs 
involving frequent bouts of prolonged submaximal or 
high-intensity exercise may lead to a gradual lowering 
of muscle glycogen content because repletion occurs rela¬ 
tively slowly. 5 * Repletion of glycogen occurs in the re¬ 
verse pattern as depletion, with a preferential repletion 
of type 2B over type 1 fibers. The practical implication 
of this is that a period of rest is necessary' after strenuous 
exercise to permit muscle glycogen repletion. Repeated 
bouts of intensive exercise in Standardbrcd racehorses 
has been shown to decrease the glycogen repletion rate 
in muscle* 

Biochemical analysis of muscle biopsies is used to de¬ 
termine the physiologic response of muscle to exercise. 
Results of several studies indicate that oxidative capacity 
increases in type 2A fibers with age and training and that 
the high-oxidative capacity of these fibers is important 
in racing performance. 112,315 Trained horses have high 
muscle oxidative capacity, as reflected by high muscle 
enzyme activities of citrate synthase (CS) and 3-GH-acyI- 
CoA dehydrogenase. CS is a marker for oxidative capac¬ 
ity, 3-OH-acyl-CoA dehydrogenase is a marker for beta- 
oxidation of free fatty acids, lactate dehydrogenase 
(LDH) is a marker for glycolytic capacity, and hcxoki- 
nase (HK) is a marker for the capacity of glucose phos¬ 
phorylation. The activities of all of these enzymes can be 
assayed by using fluoromctric techniques. 141 In addition. 
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muscle concentrations of glycogen, lactate, ATP, cre¬ 
atine phosphate, and glucose-6-phosphate (G-6-P) can 
be measured in muscle tissue. Through biochemical anal¬ 
ysis, muscle response to exercise can be determined and 
findings can he correlated to performance (speed for 
racehorses). For instance, several studies have indicated 
that there is a relationship between performance capacity 
and skeletal muscle ATP content. 112 ' m The greatest 
ATP depletion develops in type 2B fibers, but little deple¬ 
tion occurs in type I fibers. 

Muscle Degeneration 

The response of muscle tissue to injury can vary mark¬ 
edly. From a histologic standpoint, muscle degeneration 
has been classified into four types: 

• Cloudy swelling. A mild form of injury that is visible 
only microscopically. Affected fibers are swollen, 
finely granular, and opaque, and striations are indis¬ 
tinct. Cloudy swelling may be caused by mild aberra¬ 
tions of cellular metabolism such as would be seen in 
cases of exertional rhabdomvolysis syndrome. 

• Hyaline (Zenker) degeneration. A response of the mus¬ 
cle cell to a variety of different conditions, such as 
white muscle disease and azoturia. Hyaline degenera¬ 
tion affects the cytoplasm hut not the sarcolemma 
Affected muscle fiber loses its striations and stains ho¬ 
mogeneously with cosin. Regeneration occurs by mus¬ 
cle fibers filimg the empty portion of the sarcolemma 
tube. 

• Granular degeneration. A more severe form of muscle 
degeneration; the fibers lose both cross striations and 
longitudinal striations when viewed histologically. The 
sarcoplasm coagulates into large granules. Many nu¬ 
clei die, making regeneration difficult; regeneration is 
possible in cells that have viable nuclei. 

• Fatty degeneration. An irreversible change in muscle 
that follows granular degeneration. Histologically, the 
muscle fiber contains large numbers^ of fat droplets 
along with evidence of degeneration. 1 

Muscle Regeneration 

Skeletal muscle has the capacity to regenerate as long 
as other structures, such as the supporting stroma, endo- 
mysial tubes, and some viable fragments of muscle fiber, 
are intact. Jubb and Kennedy 71 classify the regenerative 
process into three basic types based on the histologic 
features: budding, proliferation of cellular bands, and 
recombination of muscle fibers along adjacent surviving 
sarcoplasm. Which type of muscle regeneration occurs 
depends on the type and severity of injury and can greatly 
affect the prognosis. 

Regeneration by budding occurs when segments of 
muscle fiber and sarcolemma are destroyed, such as 
would occur in a dean incision. The crucial factor is the 
size of the gap between the free ends of the tube (muscle); 
large buds forming at the ends of the muscle cells ad¬ 
vance across the gap and make contact with similar 
growths from the other side of the incision. The buds 
grow' just over 1 mm a day, and a certain amount of 
crossover and interlacing of fibers inevitably occurs. If 


the gap is greater than 5 mm or infection or fibroblastic 
(scar) tissue is present, then bridging may be retarded. ' 
Healing of large muscle gaps associated with severe mus¬ 
cle injuries occurs primarily by fibrous tissue and may 
potentially limit the function of the muscle (c.g., fibrotic 
myopathy). 2 

It the injury to the muscle cell is milder (e.g., hyaline 
degeneration when the sarcolemma and endomysium arc 
resent), regeneration occurs by proliferation of cellular 
ands. Macrophages clear away the degenerating sub¬ 
stances, nuclei proliferate, and new sarcoplasm appears. 
Longitudinal and cross striations are restored. Regenera¬ 
tion by fusion of muscle fibers within the same sar¬ 
coplasm occurs when there is more severe muscle dam¬ 
age, such as fibers undergoing granular degeneration. 
Although muscle usually has good regenerative capabili¬ 
ties, in certain conditions muscle may completely lose its 
ability to regenerate. Such is the case w'ith chronic (of 
more than I year) denervation muscle atrophy resulting 
from suprascapular nerve injury (swccncy) in horses. 1 ' 

Muscle Atrophy 

Muscle atrophy is a diminution in the volume of mus¬ 
cle that is caused by a decrease in individual muscle cell 
size. 140 Atrophy occurs when muscle is not subjected to 
sustained periods of tension or activity. It is a potentially 
reversible phenomenon, since artificial stimulation can 
reverse the atrophy. Atrophy is seen predominantly in 
skeletal muscle. 

Generalized Muscle Atrophy 

Generalized muscle atrophy is associated with poor 
nutrition, cachexia, malnutrition, and senility. General¬ 
ized muscle atrophy is also seen in horses with severe 
systemic illnesses and is occasionally seen in hospitalized 
patients that have suffered surgical complications (e.g., 
peritonitis). In addition to generalized muscle atrophy, 
there will usually be a loss of fat and a decrease in body 
weight. Usually, the loss of muscle is symmetric in distri¬ 
bution, but not alt muscles are affected to the same de¬ 
gree. Histologically, there will be progressive diminution 
in size of fibers; individual muscle fibers undergo atrophy 
at different rates. The diameter of the muscle fibers may 
be reduced from 40 pm to 15 to 20 pm, as seen in fonna- 
lin-fixcd tissue. 71 

Localized Disuse Muscle Atrophy 

Localized muscle atrophy can be categorized into dis¬ 
use atrophy (associated with immobilization or chronic 
lameness problems) or neurogenic atrophy (associated 
with nerve paralysis, e.g., suprascapular nerve injury). 
Disuse atrophy usually requires a longer duration to be¬ 
come clinically evident, is usually not as severe, and is 
more likclv to be completely reversible than is neurogenic 
atrophy. 1 * 0 

Localized disuse muscle atrophy is commonly seen 
in horses after cast application, because immobilization 

E roduces a hyperextension of the limbs as a result of 
ick of tone of the flexor muscles and associated tendons. 
Muscle atrophy after full-limb cast application is usually 
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Figure 6.60 Severe disuse atrophy of the left gluteal muscles 
(arrow), secondary to a chronic pelvic fracture. 


more severe and occurs more rapidly than after half-limb 
cast application. Localized disuse muscle atrophy is also 
seen after tendon rupture and fracture of a bone that is 
required for muscle function, such as the triceps atrophy 
that occurs with fractures of the olecranon. Pelvic frac¬ 
ture or any severe upper-limb lameness often causes sig¬ 
nificant disuse atrophy of the gluteal muscles in horses 
(Fig. 6.60). 

If atrophy persists, the muscle will eventually be re¬ 
placed with fibrous and adipose tissue, regardless of the 
initiating cause. With severe atrophy, return of muscle 
volume can be prolonged. Whether localized disuse mus¬ 
cle atrophy can be prevented or reversed with physical 
therapy, myofascial massage, or muscle stimulation tech¬ 
niques in horses remains unknown and controversial. 

Localized Neurogenic Muscle Atrophy 

Similar to disuse atrophy, neurogenic atrophy is usu¬ 
ally a localized phenomenon and is characteristic of a 
few w'ell-recognized syndromes in the horse, such as pa¬ 
ralysis of the suprascapular nerve (Fig. 6.61) and laryn¬ 
geal hemiplegia. 122 Damage to the suprascapular nerve 
is usually caused by pressure from poor-fitting collars 
in working horses or from trauma from kicks, falls, or 
scapular fractures in the shoulder region. 122 Regardless 
of the cause or the specific nerve involved, paralysis of 
the respective muscles follows denervation and leads to 
clinical signs of the problem. Other causes of localized 
neurogenic muscle atrophy include radial nerve damage 
secondary to humeral fractures, facial muscle atrophy 
from facial trauma, and multifocal muscle atrophy re¬ 
sulting from equine protozoal myopathy (EPM)?^ 

In contrast to generalized and disuse atrophy, neuro¬ 
genic atrophy usually affects groups of muscle fibers sup¬ 
plied by the damaged nerve. Histologically, clusters of 



Figure 6.61 Neurogenic atrophy of the supraspmatus muscle 
over the lateral aspect of the scapula, secondary to damage to the 
suprascapular nerve Note the prominent scapular sptne (arrow) 
easily palpable in horses affected with sweeney. 

muscle fibers are seen to degenerate, since each cluster 
represents a number of terminal nerve endings of a motor 
unit. Eventually, degeneration with fragmentation oc¬ 
curs subsequent to the atrophy, and fibers lose their abil¬ 
ity to proliferate. If muscle regeneration cannot occur, 
the muscle is ultimately replaced with adipose and fi¬ 
brous tissue. 

Denervated muscle fibers can be reinnervated if the 
neural sheaths are not injured. Degeneration of a nerve 
fiber progresses to the nearest node of Ranvier proximal 
to the site of injury. If the injury is mild, most nerves 
can regenerate (at about 4 mm a day), and the original 
continuity to the muscle can be reestablished. If the nerve 
injury is severe (c.g., transection), however, regrowth of 
the nerve to the muscle is delayed and may never occur. 
Also, if concurrent muscle atrophy is severe, even if a 
functional connection is made, there may be only a lim¬ 
ited number of fibers available for rein nervation. 122,140 
The result is permanent loss of muscle volume w r ith pos¬ 
sible loss of muscle function. This type of neurogenic 
atrophy is uncommon in horses but may occur after se¬ 
vere lacerations or injuries to the suprascapular nerve. 
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Calcification and Ossification of Muscle 

Calcification occurs when calcium salts are deposited 
within damaged muscle tissue. The muscle fibers first 
undergo granular degeneration, at which stage they are 
apparently highly susceptible to calcification. Calcium 
deposition occurs in the sarcoplasm of the muscle fiber, 
although it does not seem to inhibit fiber regeneration 
if the necessary conditions exist. The most common in* 
stance of muscle calcification is seen with degeneration 
associated with nutritional causes, such as that seen with 
white muscle disease. In such cases, the fibers are often 
chalky white in appearance, which can be confirmed his¬ 
tologically. 71 

Ossification is the formation of bone in the connective 
tissue of muscle that has been chronically traumatized 
or inflamed. 71 It may also occur as a result of metaplasia 
or secondary to long bone fractures when there has been 
displacement of the periosteum. Although uncommon, 
ossification of muscle is seen primarily in two instances 
in horses: ossifying myopathy of the semitendmosus 
muscle"* 14 ' 1 and ossification of the biceps brachii 
muscle. 87 


Fibrotic and Ossifying Myopathy 

Fibrotic myopathy in horses occurs primarily from 
repeated tearing or straining of the semirendinosus mus¬ 
cle fibers. 2 ' 1,7 * It may occur after an acute injury if healing 
is accompanied by extensive fibrosis or adhesion of mus¬ 
cle to surrounding tissues. Fibrotic myopathy may also 
develop after repeated intramuscular injections or injec¬ 
tions of irritating substances into the muscle region. Os¬ 
sification of the fibrotic tissue occurs uncommonly and 
is probably related to the chronicity of the problem. 14,1 
Regardless of the cause, the semitendinosus muscle is 
gradually replaced with fibrous tissue, and irregular jag¬ 
ged plaques of spongy hone may form. Muscle fibers in 
the region become atrophic. There may also be adhesions 
to adjacent muscles, including the biceps femoris and 
semi mem branos us. 

Because the muscle lacks elasticity, the horse develops 
a typical goose-stepping gait, characterized by a short¬ 
ened crania I phase of stride with the limb being pulled 
back before the foot hits the ground. The gait is most 
evident at the walk. Palpation of the affected muscle usu¬ 
ally reveals firm, non pa inful scar tissue; and radiographs 
may identify ossification in the affected muscle/ 

Treatment of horses with advanced fibrosis involves 
transecting the tendinous attachment of the semitendino¬ 
sus muscle (semitendinosus tenotomy) on the proximal 
medial aspect of the tibia. Physical therapy or the limb 
(walking and pulling the leg forward) ts important to 
help stretch the musculotendinous unit after surgery. The 
success of this procedure is variable, and recurrence of 
the condition can develop after an initial improvement 
in gait. 

Alternatively, the muscle itself may be transected 
(semitendinosus myotomy) at the site of scar formation 
to achieve a similar elongation of the musculotendinous 
unit. 76 This technique can be performed with the horse 
sedated with local anesthesia and standing. This ap¬ 
proach has been reported as a successful treatment of 


horses with fibrotic myopathy/* Another option is per¬ 
form the surgery with the horse anesthetized in lateral 
recumbency with the affected limb uppermost. Complete 
surgical removal of the affected scar tissue and muscle 
is not recommended, because of the numerous postoper¬ 
ative complications and likelihood of refibrosis of the 
affected area. 

Ossification of Biceps Brachii 

Fibrosis and ossification of the biceps brachii muscle 
and tendon are much less common than fibrotic myopa¬ 
thy of the semitendinosus muscle in horses. 87,1 * 1 Af¬ 
fected horses usually have a shortened cranial phase of 
the stride and tend to land on their toes, similar to horses 
with navicular syndrome. Ultrasound of the tendon is 
probably the best diagnostic tool for assessing the sever¬ 
ity of tendon damage, but radiography can he used to 
determine the extent of tendon and muscle ossification. 
Damage to the bicipital bursa may also be diagnosed 
with ultrasound but is probably most accurately deter¬ 
mined by endoscopy (arthroscopy) of the bursa itself. 
Treatment options are limited. Surgery may not be bene¬ 
ficial for ossification of the biceps brachii, since the ten¬ 
don and bicipital bursa are often concurrently involved. 


The term “myositis’* is often used as a generic term 
to describe any painful condition affecting muscle (infec¬ 
tious, traumatic, degenerative, etc.). Strictly speaking, 
myositis is a reactive inflammation characterized by exu¬ 
dation of lymphocytes and inflammatory cells within the | 

muscle and is most commonly associated with infections 
or open traumatic injuries. A certain amount of inflam¬ 
mation, however, is seen with true degeneration of mus¬ 
cle that accompanies exercise-related myopathies. In¬ 
flammation of skeletal muscle is quite common in horses 
because of the frequent occurrence of trauma, such as 
lacerations and wire cuts, and overexertion-rdated inju¬ 
ries. 

Infectious myositis can occur from a variety of causes, 
including lacerations, penetrating wounds, intramuscu¬ 
lar injections, hematogenous spread of infection, and ex¬ 
tension of an infective focus into adjacent muscle tis¬ 
sue. 5 " The bacteria most likely to cause the infection are 
Streptococcus zooepidemicus , Streptococcus equi. 
Staphylococci spp., Corynebacterium pseudotubercula- 
sis, and occasionally Clostridia spp. Streptococcus equi 
and Corynebacterium pseudotuberculosis are common 
causes of muscle abscessation in horses, which are re¬ 
ferred to as strangles and pigeon fever, respectively. 

In the horse, bacterial myositis is often accompanied 
by cellulitis that affects the connective tissue planes as 
well as the muscle bellies. The cellulitis may respond to 
treatment, or it may become organized into a true ab¬ 
scess. Initially, the cellulitis may he extremely painful 
and involve a large surface area, resembling a clostridial 
myositis. Clostridia] myositis rarely develops after trau¬ 
matic lacerations or blunt injuries in horses, however. 

Most sites of bacterial myositis are painful to palpation 
and have some amount of swelling and firmness. Most 
horses will be lame (and sometimes extremely lame), but 
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this may depend on the severity and site of the infec¬ 
tion. 52 

Clostridial myositis most commonly occurs after 
small penetrating wounds, parturition injuries, castra¬ 
tion, and especially intramuscular injections. The species 
of Clostridia involved are commonly found in spore form 
in soil and feces, and muscles are highly susceptible to 
bacterial invasion by these organisms (see the sections 
on tetanus and botulism in this chapter). Under suitable 
conditions (low oxidative potential and alkaline pH), 
bacterial spores introduced into the muscle commence 
vegetative growth. These organisms proliferate, elabo¬ 
rate exotoxins, and cause extensive necrosis of muscle. 
Death can occur quickly from toxemia, but less severely 
affected horses will be depressed with systemic signs of 
toxemia. The affected area is often swollen, and owing 
to the accumulation of air within the tissues, crepitation 
may be palpable. The types of wounds often associated 
with clostridial myositis in horses are usually small and 
benign, making this condition seem unlikely to occur. 
Any penetrating wound, however, may result in an an¬ 
aerobic infection. Fortunately, most wounds in horses 
are large and open enough so that clostridial myositis is 
not a major problem. 

DIAGNOSIS OF MUSCLE DISORDERS 

Physical Examination 

Physical examination of the muscles should be in¬ 
cluded as part of any overall lameness examination of 
the horse. Examination should include visualization for 
symmetry and direct digital palpation of the suspected 
muscle(s) for pain, swelling, neat, and consistency. The 
symmetry or asymmetry of the muscle is best determined 
by comparing it—from a distance—with the contralat¬ 
eral side of the animal. The most common sites for disuse 
muscle atrophy secondary to chronic lameness are the 
shoulder and scapular region in the fordimb and the 
gluteal region in the hindlimb. Neurogenic atrophy may 
develop at any location of nerve injury but primarily 
occurs over the scapula secondary to suprascapular 
nerve injury. 

In addition, differences in pain, heat, and consistency 
of the muscle should be compared with the contralateral 
side if possible. Myalgia or muscle pain may be difficult 
to determine in horses unless it is severe, especially if the 
injured muscle is not along the external surface of the 
body. Detection of occult or subtle muscular injuries in 
horses by palpation alone is limited, and more advanced 
diagnostic methods (thermography, nuclear scintigra¬ 
phy, muscle enzymes, etc.) are not always beneficial 
either. 

A complete lameness examination should be per¬ 
formed to determine if the muscle problem is a primary 
injury or may be secondary to some other musculoskele¬ 
tal problem. In our opinion, secondary muscle soreness 
is much more common than primary muscle injuries as 
a cause of lameness in horses. Myopathies resulting from 
overexertion, however, occur in performance horses, 
similar to the situation in humans, and can cause signifi¬ 
cant pain and lameness. 


Clinical Pathology 

When any tissue is damaged, enzymes leak into the 
circulation and may reflect the degree of tissue damage 
that has occurred. Scrum enzymes most commonly used 
to evaluate muscle damage or disease are creatine kinase 
(CK) and aspartate aminotransferase (AST). 51,52 AST is 
not muscle specific, but large increases tend to be associ¬ 
ated with muscle damage. Increases in AST together with 
increases in the muscle-specific enzyme CK a iso support 
the diagnosis of muscle involvement. With acute muscle 
injury, CK activities peak within 2 to 6 hours and have 
a half-life of around 2 hours. AST activities peak after 
about 24 hours and have a half-life of 7 to 8 days. These 
differences in enzyme activities can be used to evaluate 
the stage (acute, chronic, recovery) of muscle involve¬ 
ment in horses with rhabdomyolysis. 

Enzyme activities are used primarily to Kelp diagnosis 
of horses with generalized muscle disease, such as exer¬ 
cise-related rhabdomyolysis, since focal muscle injuries 
often do not cause significant increases in muscle en¬ 
zymes. Interpretation of muscle enzymes should always 
be performed in light of the clinical situation, including 
the animal's daily training routine and stage of fitness. 
Acute muscle damage causes marked elevations in serum 
enzymes, whereas slow progressive damage may have 
levels within normal ranges, 

A comparison of muscle enzymes before and after ex¬ 
ercise (the so-called exercise test) may also be used to 
determine the susceptibility of horses to cxcrcise-induccd 
muscular damage. It is recommended samples be taken 
before and then 2 and 6 hours after exercise to evaluate 
changes in enzyme activity. 51 A number of variables may 
affect the results of the exercise test; therefore, the nature 
of the test and its interpretation are controversial. 

In addition, electrolyte abnormalities may either pre¬ 
dispose the horse to or he the result of generalized muscle 
disease. For instance, potassium concentrations m the 
blood may be increased during clinical episodes of hyper- 
kalemic periodic paralysis (HYPP) in horses but are usu¬ 
ally normal between episodes. 25,26 Severe rhabdomyoly¬ 
sis may also cause an increase in blood potassium 
concentration if severe myonecrosis has occurred. Ap¬ 
parent electrolyte imbalances that may predispose the 
horse to rhabdomyolysis are, however, best detected by 
urinary fractional electrolyte excretion tests." These 
tests must be performed appropriately and interpreted 
with care. 

Thermography 

Thermography is a diagnostic tool used to detect sur¬ 
face temperature. It is considered to be more sensitive 
than digital palpation for detecting temperature differ¬ 
ences and, therefore, improving our diagnostic capabili¬ 
ties with soft tissue injuries. Some clinicians believe that 
using thermography to help diagnose soft tissue injuries 
is analogous to using nuclear scintigraphy (bone scan) 
to document bone injuries. 141,142 Note that the results 
of thermography can be unpredictable; experience using 
the modality is necessary for accurate interpretation. In 
addition, surface temperatures can vary markedly be¬ 
cause of many uncontrollable factors. Whether thermog- 
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raphy can detect deep muscle injuries, such as those of 
the back and hip in horses, is debatable. Despite these 
limitations, thermography may be a useful diagnostic 
tool, complementing digital palpation and helping con* 
firm suspected soft tissue/musclc injuries. l41,1 * 2 

Ultrasonography 

Ultrasonography is occasionally beneficial for diag¬ 
nosing muscle injuries in horses. It can lie most helpful 
for documenting suspected muscle tears and ruptures 
(e.g., with rupture of the gastrocnemius, superficial digi¬ 
tal flexor muscle of the hind limb, semitendinosus, or the 
peroneus tertius). Disruption of the muscle is not always 
visible, but there is usually a hematoma/seroma in the 
vicinity of the muscle damage, suggesting a severe soft 
tissue injury. 

Nuclear Scintigraphy 

Nuclear scintigraphy is primarily used to diagnose 
bone and joint injuries in horses. Certain acute soft tissue 
(muscle) injuries, however, may be detected on the initial 
“pool" or “soft tissue phase" of the procedure (see 
Chapter 4 for details). In one study, abnormal uptake of 
the radioisotope w r ithin skeletal muscle was detected in 
10 of 109 racehorses 24 hours after strenuous exercise. 
These horses had a history of poor performance or subtle 
lameness problems. From a clinical standpoint, a hone 
scan is less likely to identify chronic soft tissue injuries 
than more acute injuries. 

Electromyography 

Electromyography (EMG) refers to changes in electric 
potential associated with motor unit twitch. Needle elec¬ 
trodes inserted into the muscle are used to pick up action 
potentials, which will he absent or abnormal in diseased 
muscle. This technique is useful for indicating muscle 
damage and is used primarily for identifying myopathies 
of neurogenic origin. 122,140 For instance, EMG is used 
to document suprascapular nerve injuries in suspected 
cases of sweeney and to diagnose peripheral neuropa¬ 
thies associated with equine protozoal myelitis. Soft tis¬ 
sue swelling and inflammation from the initial traumatic 
injury, however, may produce erroneous results with the 
EMG. Therefore, EMG testing is usually delayed until 
after the initial inflammatory period (1 to 2 w'eeks). 

Biopsy 

Microscopic examination of muscle is becoming more 
widely used to diagnose muscle diseases. n0 * ,, ° Muscle 
biopsies are indicated in horses that have repeated epi¬ 
sodes of rhabdomyolysis that do not respond to standard 
therapies. 146 Definitive diagnosis of polysaccharide stor¬ 
age myopathy (PSSM) requires a muscle biopsy. Two 
muscle biopsy techniques can be used: open surgical bi¬ 
opsy or percutaneous needle biopsy. 14 * In most situa¬ 
tions, the open technique is more feasible, since it does 


not require a special biopsy punch and produces fewer 
artifacts. 

The open technique is frequently used for hiopsv of 
the semimembranosus muscle because of the ease of ap¬ 
proach, lack of a visible scar, and prevalence of abnor¬ 
mal polysaccharide in this muscle. The middle gluteal 
muscle or other muscles that appear to be actively in¬ 
volved in the disease condition may also be biopsied. 
The site for biopsy of the semimembranosus muscle is 
usually 13 cm distal and medial to the tuber ischii. 14 * A 
sample of muscle 3 cm long, 2 cm wide, and 1.5 cm 
thick is obtained and placed on saline-soaked gauze (Fig. 
6.62A), The sample should he handled genti) to avoid 
distortion of the muscle fibers. 



Figure 6.62 Muscle biopsy A. Open approach B Bergstrom 
needle biopsy. (Courtesy of Dr Jennifer MacLeay, Colorado State 
University. Ft. Cotlins, CO.) 
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A punch biopsy of the middle gluteal muscle may be 
obtained with a modified Bergstrom needle 5 mm in di¬ 
ameter (Fig. 6.62B). A trucut biopsy needle cannot be 
used because it will not provide enough muscle tissue 
for diagnosis. The punch biopsy is taken at a standard¬ 
ized site 18 cm along a line from the dorsum of the tuber 
coxae to the base of the tail. 146 The biopsy needle is 
inserted to a depth of 6 cm in an adult horse and usually 
obtains a 200- to 400-mg sample of muscle tissue. Sam¬ 
ples are placed on saline moistened gau2e and shipped 
overnight (in a waterproof container on ice packs! or 
can be placed in plastic bags on dry tee for delivery to 
the laboratory. At the laboratory, histologic and histo* 
chemical stains used to evaluate the frozen muscle sec¬ 
tions include hematoxylin and eosin (H&E), Gomori’s 
trichrome, reduced nicotinamide adenine dinucleotide 
phosphate (NADPH), PAS, acid phosphatase, and 
ATPase activity after preincubation in acidic and alka¬ 
line pH. ,4h False-negative results may occur owing to 
small muscle biopsy samples. 

Molecular Biologic Techniques 

Molecular biology techniques have also been used in 
horses, primarily to document hereditary muscle disor¬ 
ders such as HYPP.’° 6 The gene probe for the DNA that 
codes for the defective sodium channel in this disease 
can be determined from an ethylenediaminetetraacetic 
acid (EDTA)-treated blood sample. 106 Suspected carrier 
horses can also be documented with this test. 

PHYSICAL INJURIES TO MUSCLE 
Lacerations 

Sharp lacerations involving muscle are common in 
horses and usually result from trauma, such as wire cuts, 
kicks, lacerations, or running into objects. Although 
these injuries can be extensive, rarely is there complete 
loss of limb function, unless an entire group of muscles 
is transected (e.g., extensor muscles of forelimb) or there 
is concurrent nerve injury (e.g., sweeney). Initially, there 
is hemorrhage and edema at the site of injury. Zenker's 
hyaline degeneration of a certain amount of muscle en¬ 
sues, depending on the type (crush vs. sharp cut) and 
severity of the injury. 140 See texts on wound healing for 
the principles behind the repair of such lacerations (Fig. 
6.63). In general, wounds involving muscle tissue of the 
proximal aspect of a horse's limbs or body heal well, 
whether they are closed primarily or left to heal by sec¬ 
ond intention. 

Muscle Strains 

Muscle strains or small tears, which are often referred 
to as “pulled muscles,” probably occur commonly dur¬ 
ing exercise in performance horses, as they do in hu¬ 
mans.' 2 The definitive diagnosis of a pulled muscle can 
be difficult, especially in more chronic cases. Obvious 
external swelling is not necessarily present, and pain may 
be apparent on digital palpation. Abnormalities in the 
consistency of the muscle, such as increased tension or 



Flgur* 6.63 Sharp laceration of the shoulder. 


“tightness,” may he detectable, especially if the longissi- 
mus dorsi muscle is involved. Some of the diagnostic 
procedures discussed earlier may be used to aid diagno¬ 
sis, but the exact site of muscle damage may never be 
determined. 

As in humans and dogs, localized myositis in horses 
usually responds to rest and anti-inflammatories, with 
the possible addition of some form of physiotherapy. 40 
Chronic muscle injuries may lead to poor performance 
or recurrence of the problem, however, when exercise is 
resumed. Treatments for chronic muscle pain are empiri¬ 
cal and may include local injections of corticosteroids, 
myofascial massage, therapeutic ultrasound, magnetic 
therapy, cold laser therapy, acupuncture, and chiroprac- 
ric manipulations. 

Myositis of the longissim us dorsi muscles is frequently 
seen in Standardbreds, hunters, and jumpers. 140 Poor 
racing performance, poor jumping technique, and twist¬ 
ing over jumps are common complaints. The condition 
is essentially a localized exertional myopathy involving 
this muscle group. The resultant muscle spasms lead to 
a gait alteration in the hindlimbs that resembles bilateral 
hindlimb lameness. It is most likely an integral part of 
the sore back syndrome in horses and may be seen sec¬ 
ondary to conditions of the stifle or hock. 140 

The clinical signs are usually vague and are frequently 
mistaken for problems in the limbs. Unfortunately, the 
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condition serves as a catchall for undiagnosed hind limb 
lameness in many breeds and uses of horses. Because of 
the vagueness of the condition, remedies such as chiro¬ 
practic manipulation, physiotherapy, ultrasound, fara- 
dism, and acupuncture have benefited in reputation by 
successfully treating this condition. Diagnosis is usually 
based on eliminating other lameness problems and on 
the response to treatment. 


Muscle Rupture or Tearing 

Muscle rupture or tearing is a more severe form of a 
pulled muscle and suggests complete disruption of the 
muscle fibers. It is not uncommon in performance horses 
because of violent muscle contraction or repeated over- 
exertion (eventual complete rupture of abnormal mus¬ 
cle}. 2,1 *' Rupture of normal muscle in nonperformance 
horses may also occur as a result of falls, slips, or strug¬ 
gling to rise and appears to be more common than ten¬ 
don rupture (e.g., gastrocnemius rupture} (Fig. 6.641, 140 

Muscle rupture is considered the initial injury in many 
cases of fibrotic myopathy of the semi tend in osus muscle. 
With acute rupture of a muscle, examination usually re¬ 
veals focal swelling, pain on palpation, and lameness. 
The ability of the limb to bear weight is generally not 
altered unless a major supporting muscle is ruptured, 
such as the gastrocnemius or superficial digital flexor 
muscle (caudal reciprocal apparatus}. 

A hematoma usually develops, and occasionally a dis¬ 
ruption of the fascia overlying the muscle can he pal¬ 
pated. The hematoma is gradually resorbed, and healing 
occurs with fibrosis, potentially contributing to future 
problems, such as fibrotic myopathy. If the hematoma 
or seroma is large, drainage may be required to permit 


healing, because the fluid will separate the tissue planes, 
leading to delayed healing (Fig. 6.65). 

Violent contraction of the muscle may also result in 
herniation of a muscle belly through the epimysium. 140 
Muscle hernias occur when the main body of the muscle 
bulges through the overlying fascia. We have identified 
such hernias on the medial and caudal aspects of the 
thigh associated with severe trauma, such as a fall. These 
hernias usually have concurrent hematomas and soft tis¬ 
sue swelling, suggesting a severe injury. In such cases, 
healing of the defects with scar tissue will usually restore 
limb function. Physical therapy techniques, such as walk¬ 
ing and stretching the involved muscles, should be rec¬ 
ommended to prevent excessive fibrosis and altered limb 
function. 


SYSTEMIC DISEASES OF MUSCLE 
Exertional Rhabdomyolysis Syndrome 

Exercise-related or exertional myopathies have been 
referred to in the literature as paralytic myoglobinuria, 
exertional rhabdomyolysis, Monday morning disease, 
myositis, and tying-up syndrome. 1 ^’ 146 Although the 
terms encompass a w ide range of diseases that are associ¬ 
ated with exercise, in all probability they are related and 
represent different degrees of the same condition. From 
a pathologic poinr of view, the term ’‘rhabdomyolysis” 
is most appropriate; thus rhe current term is equine or 
exertional rhabdomyolysis syndrome (ERS). 

Fiorses affected with ERS usually exhibit a stiff gait, 
muscle cramping, pain, and reluctance to move during 
or after mild to moderate exercise."' Rhabdomyolysis 
may also occur after endurance rides, transport, or gen- 
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Figure 6.65 Large swelling on the medial aspect of the thigh, 
secondary to a traumatic fall. The seroma was drained, and the 
defect was temporarily packed with gauze to facilitate healing 


eral anesthesia. The clinical signs can vary markedly but 
usually involve the muscles of the back and rear limbs. 

Numerous and conflicting causes for the condition 
have been proposed, including vitamin E and selenium 
deficiency, electrolyte abnormalities, heat exhaustion in 
endurance horses, hypothyroidism, and abnormal cal¬ 
cium regulation. 1 * 5,149 Although the exact cause for 
ERS is not always determined, there are several risk fac¬ 
tors known to precipitate the problem. For instance, 
horses in training that are rested for 1 to 2 days while 
maintained on full rations are prone to ERS when they 
resume exercise. Sudden increases in the duration or in¬ 
tensity of training may precipitate the problem, and 
horses that are inadequately trained for competition are 
prone to ERS. This problem is also more common in 
female horses, especially those that are “high strung”; 
and certain families or breed lines (such as Quarter 
Horses) appear to be prone to the condition. The diagno¬ 
sis is usually based on the typical clinical signs together 
with increased activity of muscle enzymes (CK and AST) 
in serum. 115,144 

In humans, many cases of recurrent exertional rhab- 
domyolysis are caused by errors in skeletal muscle energy 
metabolism. A similar approach was investigated re¬ 
cently in horses; it used muscle biopsies and examined 
exercise responses. 143,146 Specific equine exertional my¬ 


opathies that have been identified to date include 1) mi¬ 
tochondrial myopathy resulting from a deficiency in 
NADH coenzyme Q reductase in an Arabian, 2) a defect 
in skeletal muscle excitation-contraction coupling resem¬ 
bling malignant hyperthermia in Thoroughbred horses, 
and 3) a polysaccharide storage myopathy (PSSM) in 
Quarter Horses involving abnormal glycogen stor¬ 
age. 146,14 More specific causes and multiple causes for 
ERS most likely exist. Applying the term “tying-up" to 
all horses with clinical signs of muscle cramping will 
likely result in failure to recognize specific subsets of 
ERS. 

Treatment of horses with ERS is aimed at reducing 
the pain, limiting further muscle damage, and restoring 
fluid and electrolyte balance. 115,148 Affected horses 
should be moved as little as possible to prevent further 
muscle damage. Specific treatments include acepromaz- 
ine to relieve anxiety and improve blood flow to the 
muscles, NSAlDs, oral or intravenous fluids and electro¬ 
lytes, intravenous dimethyl sulfoxide (DMSO), dantro¬ 
lene, and rubeola virus immunomodulator (RVI). 

Preventive measures include proper dietary manage¬ 
ment (adjust ration to level of exercise), vitamin E and 
selenium, sodium bicarbonate, potassium chloride, phe- 
nytoin, acepromazine, dimethylglycine, and RVI injec¬ 
tions. 140,14 * Standard preventive therapies for most 
horses with ERS include a period of rest followed by an 
altered training schedule and the addition of vitamin E, 
selenium, and electrolytes to the diet (sec Chapter 5 for 
more information). 

Hyperkalemic Periodic Paralysis 

In the 1980s, a condition characterized by intermit¬ 
tent episodes of muscular weakness and fasciculations 
was recognized in heavily muscled Quarter Horses, Ap- 
paloosas, and Paints. 26,2 - Affected horses had a variety 
of clinical signs, but most would demonstrate muscle 
weakness and become recumbent and unable to risc. 2 ^ 
Serum potassium concentrations were increased tran¬ 
siently during episodes. The condition—hyperkalemic 

S r iodic paralysis—is now known to be caused by a de- 
n in the skeletal muscle sodium channel that regulates 
membrane activity; it is an inherited condition. 26,1 '* The 
diagnosis can be confirmed using molecular biologic 
techniques to detect the abnormal DNA that codes for 
the detective sodium channel in an EDTA blood sam¬ 
ple 106 (see Chapter 5 for more information). 

Myopathies 

Polysaccharide Storage Myopathy 

Polysaccharide storage myopathy (PSSM) is a disor¬ 
der of glycogen storage in Quarter Horse-related breeds, 
Warmbloods, and draft horses that exhibit signs of exer¬ 
tional rhabdomyolysis. 146,14 The condition often affects 
horses that are heavily muscled and have a calm de¬ 
meanor, Clinical signs may be inconsistent, but muscle 
wastage and an abnormal gait are often present. The 
condition is diagnosed by identifying abnormal polysac¬ 
charide in muscle biopsies taken from horses with typical 
clinical signs, PSSM can be prevented by replacing grain 
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and sweet feed in the diet with rice bran (a 20% fat 
supplement) at 0.5 to 3.0 kg a day and by providing 
regular daily exercise 14 * (see Chapter 5 for more infor¬ 
mation). 

Nutritional Myopathy 

Nutritional myopathy in foals is usually termed “nu¬ 
tritional muscular dystrophy” or “white muscle dis¬ 
ease,” It is a well-recognized disease of all domestic ani¬ 
mals (calves, pigs, sheep, and foals) and is caused by a 
dietary deficiency of selenium. * 1 It is characterized by 
noninflammatory degeneration of skeletal and cardiac 
muscle, which can contribute to a variety of clinical signs 
ranging from recumbency to acute death. Lesions within 
the affected muscles give them a white appearance on 
examination, contributing to the name of the disease. 

In foals, nurritiona! myopathy is classically recog¬ 
nized within the first few months of life. 90 Very young 
foals are more prone to develop the severe form of the 
disease and may die within a few hours after onset of 
clinical signs.** 0 Older foals may develop a variety of clin¬ 
ical signs, including prolonged recumbency, listlessness, 
tachypnea, and dysphagia. Nutritional myopathy is rare 
in adult horses hut may affect the muscles of mastication 
or the limbs, in which case it results in a stiff gait similar 
to that seen in horses with F.RS. 

Nutritional myopathy is seen in parts of the world 
where soil and pastures are low in selenium, such as the 
eastern and northwestern United States and much of 
Canada. It has also been reported in Australia, the 
United Kingdom, the Netherlands, and New Zealand 
(see Chapter 5 for more information). 

Myopathy Associated With Prolonged 
Recumbency or General Anesthesia 

Myopathy associated with extended periods of pro¬ 
longed recumbency or general anesthesia is seen occa¬ 
sionally in horses. It usually affects focal muscle groups 
of the dependent limb, but a generalized myopathy can 
occur. I .ocalizcd myopathies of the masseter, triceps, and 
gluteal muscles can be difficult to differentiate clinically 
from neuropathies involving the facial, radial, and pero¬ 
neal nerves, respectfully. Horses with generalized myop¬ 
athy usually exhibit signs of severe pain, have palpable 
firm muscles, and have difficulty standing. Localized my¬ 
opathies related to general anesthesia or recumbency are 
believed to be the result of excessive compression of the 
muscle groups, which compromises circulation and leads 
to hypoxia of the tissue. * The compression may be re¬ 
lated to improper positioning or padding during anes¬ 
thesia. 

The muscles that may be affected in horses in lateral 
recumbency are the triceps brachii, pectoral, quadriceps 
femoris, hindlimb extensors, masseter, and flank mus¬ 
cles. 56,156 F or horses positioned in dorsal recumbency, 
the muscles of the longissimus dorsi, gluteal, vastus later¬ 
alis, and hindlimb adductor muscles are most frequently 
affected. 50 

Prolonged anesthesia (more than 2.5 hours), inappro¬ 
priate positioning, and inadequate padding (particularly 
in heavily muscled or draft breeds), recent hard exercise, 
history of muscle cramping, and prolonged hypotension 


appear to increase the risk of myopathy after sur¬ 
gery. 4 v4 In one clinical study, flexion of the hindlimbs 
in halothane-ancsthetized horses positioned in dorsal re¬ 
cumbency, coupled with a period of hypotension (mean 
arterial pressure less than 70 mm Hg for more than 45 
minutes; was associated with ischemic necrosis of the 
adductor muscles. 1 In general, mean arterial blood pres¬ 
sure should be maintained above 60 mm Hg to avoid 
hypoperfusion and hypoxia of dependent muscle 
groups.’ 4 Using wick catheters placed in the triceps 
brachii muscles of laterally recumbent anesthetized 
horses, pressures between 30 and 50 mm Hg and up to 
80 mm Hg have been measured. 74 Interstitial pressures 
of approximately 20 mm Hg were also measured in the 
biceps femoris muscle of anesthetized horses.** 5 

Blood flow to skeletal muscle is significantly reduced 
at interstitial pressures over 20 mm Hg, potentially con¬ 
tributing to hypoperfusion of these muscle groups. 5 The 
high intracompartmentaI muscle pressures may also alter 
nerve transmission, which is seen common!) with com¬ 
partment syndrome in humans and dogs. 40 Therefore, 
both muscle and nerve abnormalities may exist concur¬ 
rently, making the distinction clinically difficult. 1 ’’ 

Clinical signs of localized posranesthctic myopathy 
depend on the particular muscle affected. Usually, the 
affected muscles will be firm, painful to palpation, and 
swollen. The horse may have difficulty supporting 
weighr on the limb or may exhibit pain when weight 
hearing. 62 With neuropathies, similar clinical signs may 
be evident, except that no abnormalities of the muscles 
can be detected. Serum muscle enzyme levels may also 
be used to help differentiate between a neuropathy and 
localized myopathy in the postanesthetic patient. 1 ” 
Large increases in muscle enzymes may not be evident, 
however, unless there is severe or generalized muscle 
damage. 

Generalized myopathies usually involve muscles of 
the nondependent limbs and may be seen regardless of 
the duration of general anesthesia. Muscles become rigid 
even before the norsc stands from anesthesia. The horse 
may appear anxious, sweat, and exhibit signs of colic.' 4 
The animal may not be able to stand, making manage¬ 
ment of the condition difficult. Myoglobinuria, renal ne¬ 
phrosis, shock, and death are potential sequelae. This 
syndrome may be the result of the anesthetic agent itself, 
resembling malignant hypothermia rather than excessive 
pressure or hypoperfusion of the affected muscles. Luck¬ 
ily, generalized myopathy is rare. 

Treatment of localized myopathy or neuropathy in 
horses is primarily supportive until the muscle or nerve 
resumes normal function. The time required to restore 
function is related to the severity of the damage, but most 
horses are much improved within a few hours to days. 
Supportive care includes intravenous fluids and vasodila¬ 
tors (acetylpromazine) to promote peripheral blood 
flow, and anti-inflammatories (phenylbutazone, flumxin 
meglumine, dimethyl sulfoxide, etc.) to help restore mus¬ 
cle or nerve function. 140,156 Bandaging and splinting of 
affected limbs may help the horse stand and ambulate 
more easily, thus relieving much of the animal’s anxiety. 
Horses that can stand on three legs have a g<xjd prog¬ 
nosis for recovery from myopathies or neuropathies and 
generally respond to treatment within hours* 
Horses that are affected bilaterally and unable to stand 
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have a poor prognosis. In addition* horses with localized 
myopathy respond much better to treatment than do 
horses with generalized myopathy. 

Tetanus 

Tetanus is a highly fatal, infectious disease caused by 
the toxin of Clostridium tetani. The vegetative form of C. 
tetani is a gram-positive bacillus that requires anaerobic 
conditions for growth and replication. The organism ex¬ 
ists primarily in spore form and is commonly found in 
the intestinal tract and feces of animals and in soils rich 
in organic material. The most common route of infection 
is by wound contamination with C. tetani spores. When 
wound conditions favor an anaerobic environment* 
spore germination* bacteria! proliferation* and elabora¬ 
tion of the toxin occur. Wounds most commonly associ¬ 
ated with tetanus in horses include puncture wounds* 
castration sites* metritis after dystocia, retained placenta* 
and wounds with considerable tissue necrosis, ' An in¬ 
fected umbilicus is the usual site of C. tetani proliferation 
and toxin formation in neonates. 4s 

The clinical signs of tetanus are due to the potent exo¬ 
toxin tetanospasmin* which is produced locally at the 
site of C. tetani proliferation and acts principally on the 
central nervous system. '" In general, the disease causes 
muscular rigidity* hyperesthesia, and convulsions in 
horses of all ages. ‘ The signs reflect spasticity of stri¬ 
ated and smooth muscles. Early clinical signs include a 
stiff gait* reluctance to feed off the ground* and overreac¬ 
tivity to normal external stimuli. More severe clinical 
signs include spasm of the muscles of mastication (tris¬ 
mus), prolapse of the nictitating membranes, and rigid 
extension of the neck, back, and limbs (“sawhorse” 
stance). Once adult animals become recumbent, they 
generally cannot rise* and attempts to stand cause further 
clonic muscle spasms and distress. Even slight stimula¬ 
tion usual!) causes prolonged muscle spasms that may 
result in self-traumatization. Death usually occurs in 5 
to 7 days and is often caused by asphyxia, resulting from 
spastic paralysis of the respiratory muscles* laryngo- 
spasm, or aspiration pneumonia. 511 Average case mortal¬ 
ity is approximately 75%. 

The current approach to treatment of tetanus is based 
on the premise that the toxin-gangliosidc bond is irrever¬ 
sible and that recovery is caused by the gradual replace¬ 
ment of altered ganglioside by normal metabolic pro¬ 
cesses.^ Therefore, recovery is gradual and often takes 
about 6 weeks. For these reasons, if treatment is under¬ 
taken* it is generally symptomatic and supportive with 
particular emphasis on good nursing care. 

Because of the poor success of treating horses with 
tetanus, prevention is the key. Active immunization 
against tetanus is reliably achieved with potent commer¬ 
cial aluminum hydroxide-adjuvanted toxoids. The usual 
recommendations are for a second vaccination 3 to 4 
weeks after the first, followed by annual revaccination* 
with boosters given after lacerations or other tetanus- 
prone wounds. ' 1 Annual revaccination for tetanus is rec¬ 
ommended* although there is evidence that protective 
antibody titers may persist for up to 4 years after the 
first booster vaccination in horses. Equine-origin tetanus 
antitoxin should be used only to protect unvaccinated 


horses after injury or to treat horses with clinical tetanus* 
because of the risk of acute hepatic necrosis after admin¬ 
istration. 


Botulism 

Botulism is a flaccid neuromuscular paralysis caused 
by the exotoxin of the gram-positive bacterium Clostrid- 
turn botulinum. The paralysis is the result of interference 
with acetylcholine release by the exotoxin at the motor 
endplate. 1 In foals, the disease has been called the 
shaker foal syndrome* and in adults tt is known as forage 
poisoning. 1 The distribution of C. botulinum spores in 
soils in the United States is variable and is most likely 
related to the geographic frequency of the disease. The 
disease generally occurs on an individual case basis* but 
herd outbreaks can occur. Contaminated feed sources 
are the usual cause of outbreaks. 

There arc thought to be three different routes of botu¬ 
lism infection: ingestion of preformed toxin, toxic-infec¬ 
tious, and wound botulism. t: Ingestion of preformed 
toxin as with contaminated feed is the most common 
route of infection and gives rise to the syndrome known 
as forage poisoning. The toxic-infectious route is 
thought to occur primarily in foals, and the wound route 
of infection is uncommon. Infected umbilical remnants 
in foals and castration sites in adults have been suggested 
as sources of C. botulinum infections. 

Clinical signs of botulism reflect flaccid neuromuscu¬ 
lar paralysis. The toxin does not affect the central ner¬ 
vous system* so affected animals are bright and alert de¬ 
spite being weak and usually recumbent. Affected 
animals may also be found dead. The term “shaker foal” 
was derived from the severe muscle tremors that are fre¬ 
quently seen with this disease. Other signs of neuromus¬ 
cular paralysis include poor tail, tongue, and eyelid tone 
or dysphagia. 1: Respiratory difficulties result from pa¬ 
ralysis of the intercostal and diaphragmatic musculature, 
and death is usually the result of respiratory failure. 

Treatment consists of polyvalent equine-origin botu¬ 
lism antitoxin to bind circulating toxin and appropriate 
nursing and nutritional therapy. Before the use of the 
antitoxin* the mortality rate of horses with botulism was 
approximately 90%. With the use of botulism antitoxin* 
the prognosis for survival is greater than 70% in adult 
horses and even higher in foals. 1J The antitoxin, how¬ 
ever, is expensive, should be used early in the course of 
the disease* and does not guarantee recovery. The recom¬ 
mended dose is 400 mL tor adults and 200 mL for foals. 

Although treatment of horses with botulism can be 
effective, prevention of the disease in endemic areas by 
vaccination programs is recommended and highly suc¬ 
cessful. Mares should receive a three-dose series of C. 
botulinum toxoid with l month between vaccines and 
the last vaccine in the last month of gestation. 12 Yearly 
boosters during the last month of gestation should be 
given thereafter. This regimen provides maximal colos¬ 
tra I antibodies to protect susceptible foals. If protection 
is required in nonbreeding animals* the initial three-se¬ 
ries vaccination protocol should be used with yearly 
boosters in these animals as well. 
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Myotonia Congenita 

Myotonia congenita is a rare skeletal muscle disease 
in horses that is characterized by prolonged aftercontrac¬ 
tion. 1 " The disease may be inherited, but the mode of 
inheritance is unknown, as too few cases have been seen. 
The biochemical defect involved in myotonia congenita 
in horses is also unknown. Clinical signs may appear as 
ea rly as 3 weeks to several months of age. Such animals 
appear extremely well muscled in the hindquarters. Af¬ 
fected horses, when startled, are stiff and unable to move 
normally. The first few steps are made with considerable 
difficulty, often by dragging the hindfeet. 

Percussion of affected muscles will result in sustained 
contraction, with gradual muscle relaxation taking more 
than 1 minute to occur. The affected muscles feel firm 
and tense. Muscles of the hindltmbs are usually involved, 
whereas the head, neck, and forelimbs are unaffected. 

Histologically, muscle fibers from such cases show' 
extreme variation in diameter, and many are twice the 
size of normal equine muscle cells with little inflamma¬ 
tory reaction. 1 " There is no known treatment for this 
condition. 
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Diseases of Joints, Tendons, 
Ligaments, and Related 
Structures 

C. Wayne McIlwraith 



DISEASES OF JOINTS 

Arthritis may be defined simply as inflammation of a 
joint. It is a nonspecific term and does little to describe 
the nature of the various specific entities that affect 
equine joints. The role of inflammation also varies con¬ 
siderably among the different conditions. Such general 
terms are no longer appropriate in the management of 
equine joint conditions. Specific diagnoses need to be 
made to treat the horse effectively and make accurate 
prognoses. 

Knowledge of etiology, pathogenesis, diagnosis, and 
treatment ot each of the different equine joint conditions 
has advanced considerably since the last edition of this 
text, and a comprehensive book on equine joint disease 
has been published recently, 41 To understand joint dis¬ 
ease in the horse, a basic knowledge of the anatomy and 
physiology of joints, as well as their pathobiologic re¬ 
sponses, is necessary. 

Classification of Joints 

Joints are most often classified according to their nor¬ 
mal range of motion. Three groups are recognized; 1) 
synarthroses (immovable joints), 2) amphiarthroses 
(slightly movable joints), and 3) diarthroses (movable 
joints). Another classification is based on the specialized 
forms of connective tissue that arc present. These two 
classifications are interrelated in that the bones of the 
immovable or slightly movable joints are connected by 
fibrous or cartilaginous membranes (syndesmoses or 
svnehondroses), whereas the component bom parts of 
the movable joints, although covered by hyaline carti¬ 
lage, arc completely separated, contained within the joint 
cavity, and enclosed by a synovial membrane (synovial 
joints). Synovial joints have rwo major functions: 1) to 
enable movement and 2) to transfer load, ' Synarthroses 
arc generally found in the skull, where bone plates are 


held firmly to each other by fibrous or cartilaginous ele¬ 
ments. Amphiarthroses arc characterized by the presence 
of flattened disks of fibrocartilage connecting the articu¬ 
lating surfaces, as arc found between the vertebrae. The 
entire structure is invested by a fibrous capsule. Diar¬ 
throses include most of the joints of the extremities. Since 
these are the joints that we are essentially concerned with 
in equine lameness, their anatomy and physiology is de¬ 
scribed in detail. 

General Anatomy 

The synovial or diarthrodial joint consists of the artic¬ 
ulating surfaces of bone, covered by articular cartilage 
and secured by a joint capsule and ligaments, and a cav¬ 
ity within these structures containing synovial fluid (Fig. 
7.1). The joint capsule is composed of two parts: the 
fibrous layer, which is located external I y and is continu¬ 
ous with the periosteum or perichondrium (and, ulti¬ 
mately, bone), and the synovial membrane, which lines 
the synovial cavity where articular cartilage is not 
present. 

The fibrous portion of the joint capsule is composed 
of dense fibrous connective tissue that provides some 
mechanical stability to the joint. The collateral ligaments 
are associated with the joint capsule. Inrraarticular liga¬ 
ments normally have a synovial membrane cover. Histo¬ 
logically, the fibrous portion of the joint capsule and 
the ligaments arc principally composed of collagenous 
fibers. Fourteen genetically distinct collagens have been 
described. Type I collagen predominates in the fibrous 
connective tissues of thejoint. 5 It is vascular with arte¬ 
riovenous anastomose*'’ and flow-modifying structures 
(glomi) reported/ 4 The afferent pain fibers of the joint 
capsule were originally thought to be localized in the 
fibrous portion, but it was noted that synovial traction 
was painful/' More recently, using iinmunohistoche- 
mistry with substance P as a more sensitive way of identi- 
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Figure 7.1 Diagram of a typical synovial joint. 


tying rhe distribution of nociceptor fibers, sensory nerve 
fibers have been demonstrated in the synovial membrane 
and suhintimal layers as well as collateral ligaments and 
suspensory ligament and distal sesamoid ligament at¬ 
tachments. 

The insertions of the fibrous capsule and articular lig¬ 
aments into the adjacent bones demonstrate a zonal or¬ 
ganization. Parallel bundles of collagen first become in¬ 
vested with the fibrocartilaginous stroma and, as they 
near the bone, become calcified. The collagenous fibers 
enter the bone cortex in a manner analogous to that of 
Sharpey’s fibers. This gradual transition of joint capsule 
and ligaments to mineralized fibrocartilage and then to 
bone enhances rhe ability of the insertions to distribute 
forces evenly and decreases the likelihood of pullout 
failure. u 

Stability of the joint is provided by the bony configu¬ 
ration of the joint, the ligamentous and capsular support 
systems, and rhe musculotendinous units controlling the 
joint. In addition, there is a negative hydrostatic pressure 
within rhe synovial cavity of normal joints, and this is 
considered to impart a “suction" and stabilizing effect. 6 * 


Synovial Membrane Structure and Function 

Equine synovial membrane (also called synovium) is 
normally white to yellow ish white, but gross discolora¬ 
tion (pink to brown) may be noted secondary to inciden¬ 
tal trauma. It is smooth and glistening in some regions 
of the joint and is formed into numerous villi in other 
regions. These villi have specific locations and a diverse 
morphology. 40 Although villi do proliferate in associa¬ 
tion with trauma and other insults, they are present in 
the fetus and, therefore, at birth. ” 

Histologically, the synovial membrane is a modified 
mesenchymal tissue and consists of two layers. The in- 
tima, an incomplete cellular lining layer, lies next to the 
joint cavity and overlies a deeper layer of connective tis¬ 
sue (fibrous, areolar, or adipose) termed the subsynovial 
layer, or subintima. Generally, in regions where rhe syno¬ 
vial membrane is subjected to increased pressure, it is 
fibrous and flat; where it must move freely and indepen¬ 
dently of the joint capsule, it is areolar and may be 
folded. The areolar subintima consists of loose fibrous 


connective tissue that continues into rhe central core of 
the villi. Numerous blood vessels are present. 

The synovial cells of the intima i synoviocytes) form an 
incomplete layer one to four cells thick, anti no basement 
membrane can be detected (Fig. 7,2), The synoviocytes 
have been classified at rhe ultra structural level into two 
principal types, designated types A and B. 25 The type A 
cells resemble macrophages, and the type Bcells resemble 
fibroblasts. Intermediate cells are also observed. A con¬ 
cept has evolved that type A and type B cells are not 
distinct but merely cells whose differences in morphol¬ 
ogy reflect the functions they arc currently performing. 1 

Numerous hi mid vessels are present in rhe subintima 
and extend to within 5 to 10 microns from the intimal 
surface. 59 The lymphatic vessels of the synovial mem¬ 
brane lie close to large blood vessels, 9 but their capillaries 
do not extend as close to the synovial cavity as do the 
blood capillaries. It appears that each joint has a dual 
nerve supply consisting of specific articular nerves that 
reach the joint capsule as independent articular branches 
of adjacent peripheral nerves and, secondly, articular 
branches that are nonspecific and arise from related mus¬ 
cle nerves. 11 

The three principal functions of the synovial mem¬ 
brane are phagocytosis, regulation of protein and hyalur- 
onan content of the synovial fluid, and regeneration. 75 
The phagocytic ability of type A synoviocytes has been 



Figure 7.2 Diagram of a portion of synovial membrane 
demonstrating synoviocytes (types a and b) within the intercellular 
stroma ot the intima, capillary (c), and collagenous, matrix of intima 
(d). Tissue deep to this would be considered subintima. 
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well demonstrated following the injection of various sub¬ 
stances. 7,71 Unwanted materials are engulfed and be¬ 
come contained within phagocytic vacuoles, which in 
turn fuse with cytoplasmic lysosomes to effect digestion. 
Excessive phagocytic activity or disruption of lysosomal 
or cellular membranes releases enzymes into the environ¬ 
ment (a typical feature of synovitis). 

The synovial membrane acts as an important perme¬ 
ability barrier, which in turn controls synovial fluid com¬ 
position. Most small molecules cross the synovial mem¬ 
brane by a process of free diffusion that is limited by the 
intercellular spaces in the synovial membrane rather than 
by blood vessel fenestrations. 68 It is generally accepted 
that almost all the protein in synovial fluid is derived 
from plasma. 8 Only the source of some 2% of protein 
firmly bound to hyaluronan is unknown, and it has been 
suggested that it may be derived from type B synovio¬ 
cytes. 18 In traumatic effusions, the changes in protein 
content and composition have been associated with both 
increased vascular permeability 68 and increased protein 
synthesis by the synoviocytes. 2 Hyaluronan is synthe¬ 
sized by the cells of the synovial membrane. 20 * The func¬ 
tion of hyaluronan is discussed below. 

The ability of the synovial membrane to reform fol¬ 
lowing synovectomy has been well documented in rab¬ 
bits/ 4 * and more recently, the process has been de¬ 
scribed in the horse. 24,72 More recent work in the horse 
reveals that 120 days after subtotal synovectomy there 
is evidence of restoration and an intimal layer was pres¬ 
ent. 72 However, the synovium was devoid of villi and 
there was subintimal fibrosis. 

Another important property of the joint capsule is its 
ability to allow complete range of motion. The example 
of a metacarpophalangeal (fetlock) joint, illustrated in 
Figure 7.3, shows that synovial membrane gathers at the 
dorsal aspect of the joint in extension and at the palmar 
aspect in flexion. This property of gathering has been 
termed redundancy. 68 Inflammation and fibrosis will 



Figure 7.3 Diagram of a metacarpophalangeal joint 
demonstrating how redundant synovial membrane gathers at the 
dorsal aspect on extension (A) and at the palmar aspect on flexion 

(B). 


impede this property and resulr in joint stiffness. Contin¬ 
ued normalcy of the joint capsule is also important be¬ 
cause of its role in shock absorption. 

Adequate lubrication of synovial membrane is also 
important for normal joint function and is discussed 
below. 


Articular Cartilage Structure and Function 

Grossly, normal articular cartilage appears milky and 
opaque in the thicker regions but translucent with a 
slight bluish tinge in the thinner regions. However, the 
surface is not smooth. Studies using the scanning electron 
microscope have demonstrated undulations and irregu¬ 
lar depressions. 16 The articular cartilage of equine joints 
is generally of the hyaline type. However, fibrocartilage 
is also present in synovial joints, as at the junction of 
articular cartilage, synovial membrane, and periosteum 
(called the transition zone), and in menisci. 7 

Histologically, adult articular cartilage has been di¬ 
vided into four layers, and the chondrocytes have differ¬ 
ent appearances within these layers (Fig. 7.4): 3,42 

1. The tangential or superficial layer, containing flat¬ 
tened or ovoid chondrocytes and tangentially ori¬ 
ented collagenous fibrils 

2. The intermediate or transitional layer, containing 
larger chondrocytes that may be single or paired and 
randomly oriented collagenous fibrils 
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Figure 7.4 Diagram of adult articular cartilage showing the four 
layers and the arrangement of the chondrocytes and collagenous 
fibers. 
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3. The radiate or deeper layer, containing chondro¬ 
cytes arranged in vertical columns separated by col¬ 
lagenous fibrils that have an overall radial arrange¬ 
ment 

4* The calcified cartilage layer, composed of mineral¬ 
ized cartilage and chondrocytes in various stages of 
degeneration 

A basophilic-staining, undulating line of division be¬ 
tween the radiate layer and the layer of calcified cartilage 
is termed the “tide mark” or “tide line.’* 42 It delineates 
the elastic, nonmineralized layers of the articular carti¬ 
lage from the layers of calcified cartilage that has little 
resilience. The extracellular matrix of the articular carti¬ 
lage is a complex of collagens, fibrils, amorphous proteo¬ 
glycans, glycoproteins, and water. 1 

Collagens 

Collagen type II comprises 90 to 95% of the collagen 
in articular cartilage and forms fibrils and fibers inter¬ 
twined throughout the matrix. Equine type II collagen 
has been characterized biochemically by cyanogen bro¬ 
mide-cleaved peptide profiles.'* Type II collagen is se¬ 
creted as a procollagen, and the complete sequence of 
equine tv pc II procollagcn messenger RNA has been re¬ 
ported. 5 ® 11 The messenger RNA was cloned from a com¬ 
plementary DNA (cDNA) library prepared for messen¬ 
ger RNA isolated from equine articular chondrocytes. 
The coding sequence is 92.4% homologous with the 
cDNA of the human sequence, and the propeptide is 
95% identical to the human sequence. The authors also 
showed that chondrocytes harvested from juvenile 
horses exhibited more synthetic activity in culture with 
high steady-state levels of messenger RNA for type II 
procollagcn. Type II procollagcn is expressed at much 
lower levels in adult horses than in younger ones. This 
may have relevance to naturally occurring changes in 
cartilage in the joints of older horses. These authors also 
showed that interleukin-1 beta (IL-1/3) and tumor necro¬ 
sis factor alpha (TNF-or) produced a dose-dependent de¬ 
crease in the steady-state levels of mRNA for type II col¬ 
lagen. 

There are also small amounts of types VI, IX, XI, 
XII, and XIV. The minor collagens help form, and give 
stability to, the ty pe II fibril network, 4 The collagenous 
fibrils provide tensile strength to the articular cartilage. 2 
In adult articular cartilage, this property chiefly resides 
in the superficial layers where the collagenous fibers are 
oriented parallel to the surface of the cartilage. In the 
intermediate layer of the cartilage the collagenous fibrils 
are randomly arranged, and they become radially ar¬ 
ranged in the radiate layer. The ultrastructural arrange¬ 
ment of the collagenous fibers is more complex than 
this. 5 Tensile strength is not as critical in these deeper 
layers in normal cartilage, hut if superficial erosion oc¬ 
curs, the collagen of these deeper layers is vulnerable to 
disruption. It has been shown that in immature cartilage 
the deeper layers also possess considerable tensile 
strength, but this is lost with maturation. 61 The tensile 
properties automatically change with enzymatic degra¬ 
dation of hydroxypyridinolone cross-links, which em¬ 
phasizes the importance of these cross-links in providing 
cartilage stiffness, strength, and tension. 64 Collagen fi¬ 
bers are also arranged concentrically around chondro¬ 


cytes to form a “capsule,” and this has been called 
chondron. Each chondron contains one or more chon 
drocytes, is invested by collagenous pericellular capsule 
and is surrounded by a proteoglycan-rich territorial ma 
trix. 52 Collagen type VI, fibronectin, and rhrombospon 
din arc present in this chondron capsule and help ancho 
the chondrocyte within the chondron and attach thi 
chondron within the extracellular matrix. 4 

Proteoglycans 

The proteoglycans (previously called mucopolysac¬ 
charides) are the other major solid component of the 
articular cartilage matrix and occupy the spaces between 
the collagen fibrils. They take several forms and consist 
of monomers formed by a protein core and glycosami- 
nogiycan (GAG) side chains (Fig, 7.5). Most o! the pro¬ 
teoglycans (85%) form large aggregates by noncovalent 
attachment of the core protein of the proteoglycan to 
hyaluronan under the stabilization of a link protein {Fig. 
7.5). This aggregate is called aggregating proteoglycan, 
or aggrecan. The major GAGs in adult articular cartilage 
are chondroitin-6-sulfate and kcratan sulfate. 34 Chon- 
droitin-4-sulfate is an important constituent of immature 
articular cartilage, but its level decreases to a low per¬ 
centage with cartilage maturity. The GAGs consist of 
repeating units of disaccharides, whose important fea¬ 
ture is their polyanionic nature (carboxyl and sulfate rad¬ 
icals in chondroitin sulfate and sulfate radicals in keratan 
sulfate) (Fig. 7.6). The charges of the polyanionic GAG 
side chains both repel each other and attract a hydration 
shell. These properties in turn provide the articular carti¬ 
lage with physicochemical stiffness 21 and also affect car¬ 
tilage permeability. 36,37 

The aggrecan molecules are contained only by the col¬ 
lagen network, and hence the proteoglycans impart com¬ 
pressive stiffness. 2 * Fnmcshment of the proteoglycans by 
the collagenous framework and specific interactions be- 



Figure 7.5 Diagrammatic representation of a portion of a 
proteoglycan aggregate. 
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Figure 7.6 Diagram of structures of chondrottm-4-suttaie, 
chondroitm-6-suHaie. and keratan sulfate. 


tween the two components are necessary for the proteo¬ 
glycans to function. 5 The concentration of collagen is 
highest in the superficial layer of the articular carrilage 
and falls sharply with increasing distance from the sur¬ 
face. The proteoglycan content shows a trend in the op¬ 
posite direction. sS The average proteoglycan unit in ar¬ 
ticular cartilage has a molecular mass of 3 million 
daltons and contains 100 chondroitin sulfate side chains 
(CS) and 100 keratan sulfate (KS) side chains. 4 Over 
100 of these proteoglycan monomers attach to a hyalur- 
onan backbone to form the proteoglycan aggregate ag¬ 
grecan, which has a molecular mass of over 200 million 
daltons. The proteoglycan monomer has received much 
study. There are two globular domains (G1 and G2) at 
the hyaluronate (HA)-associated end, followed by an ex¬ 
tended GAG-containing region (E2), with a third globu¬ 
lar domain (G3) at the other end. The N-terminal region 
of the aggrecan is attached to hyaluronan, and the region 
that contains most of the GAGs is an extended region 
lying between G2 and G3. 

There are other nonaggregating proteoglycans in ar¬ 
ticular cartilage including biglycan, decorin, and fibro- 
modulin. Equine decorin from the horse has been charac¬ 
terized biochemically.' 1 Investigations of the structure 
of equine articular cartilage link protein from individuals 
ranging in age from 1 to 15 years identified three distinct 
isoforms, and there is alteration with age. Equine decorin 
was shown to consist of three native fractions with mo¬ 
lecular weights comparable with that reported for bovine 
and human articular cartilage. The gene sequences of 


biglycan and decorin from the horse have also been char¬ 
acterized. *** 

Glycoproteins 

Noncollagenous, nonproteoglycan glycoproteins con¬ 
stitute a small but significant portion of articular carti¬ 
lage. ' Link protein is one of these glycoproteins and is 
one of the few whose function has been defined. There 
arc three fractions of equine link protein (LP1, LP2, and 
LP3). 13,51 Amino acid sequencing in the horse revealed 
96% similarity with human link protein. 13 Other glyco¬ 
proteins of cartilage include chondronectin (thought to 
function in adhesion of chondrocytes to type II collagen 
surfaces); fibronectin (functions to adhere cells to mole¬ 
cules and surfaces); carrilage oligomeric matrix protein 
(COMP), which has been isolated and characterized 
from human articular cartilage; 12 thrombospondin; and 
anchorin C-Il, as well as cartilage-derived growth factor. 

The articular cartilage is avascular, lacking both 
blood and lymph vessels. The deep layers of immature 
cartilage are penetrated extensively by vascular buds 
from the ossified portion of the epiphysis, and these ap¬ 
pear to play an important role in nutrition of the carti¬ 
lage from the subchondral region. 4 * Immature articular 
cartilage is an articular-epiphyseal complex, with the 
deeper layers constituting a growth zone. In adults, the 
articular cartilage is separated from the subchondral vas¬ 
cular spaces by an end plate of bone (the subchondral 
plate), and nutrition of the articular cartilage occurs by 
diffusion from the synovial fluid. A lack of recognition of 
the structural differences between mature and immature 
articular cartilage has caused confusion between the 
roles of subchondral and synovial routes of nutrition in 
the past. Chondrocytes function by anaerobic glycolysis. 
Under physiologic loads, cartilage can be compressed to 
40% of irs original height. The depth to which the diffus¬ 
ing nutritional gradient can extend is limited and was 
calculated by Maroudas (1972) to be a maximal cartilage 
thickness ot 6 mm. w Because of this limit, necrosis sec¬ 
ondarily occurs when retained thickened cartilage, as de¬ 
velops in some cases of OCD, exceeds diffusion limits. 

There are no nerves in articular cartilage, and the 
bearing surface of the joint depends on nerve endings in 
the joint capsule, ligaments, muscle, and subchondral 
bone for appreciation of pain and proprioception. 35 

In summary, articular cartilage is a tissue consisting 
of aggrecan that is stiff in compression, collagen that is 
stiff and strong in tension, and a somewhat freely moving 
fluid carrying mobile tons (interstitial fluid). These com¬ 
ponents interact to provide the following mechanical and 
physical characteristics when young and healthy: 1) a 
permeable matrix that is stiff in compression, 2) a fibrous 
network capable of withstanding high tensile stresses, 3) 
a fluid that flows under load or deformation and aids in 
dissipating high stresses in the tissue, and 4) a high swell¬ 
ing pressure that results in a matrix swollen with water. 45 
An important function of aggrecan in cartilage is to re¬ 
tard the rate of stretch and alignment when a tensile load 
is suddenly applied, and this mechanism may be useful 
in protecting the cartilage collagen network during phys¬ 
iologic situations/' 

In an unloaded joint, the opposing articular surfaces 
are not completely congruent; f however, under physio- 
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logic loadings because the cartilage is soft, deformation 
causes increase of contact area (reducing tissue stress lev¬ 
els) and also increases joint conformity (which provides 
additional stability). The adaptation of the shape of 
loaded cartilage may also help to form and retain bound¬ 
ary lubrication (see below). As articular cartilage directly 
under the load is compressed, the surrounding areas are 
subjected to transverse tensile strains. These forces tend 
to redistribute fluid away from the compressed area and 
into the stretched regions. As mentioned above, the 
major contribution to the osmotic pressure provided by 
the proteoglycans comes from negatively charged sulfate 
and carboxyl groups of the GAGs and the associated 
cations (ionic or Gibbs-Donnan effect). Water is at¬ 
tracted by the high charge density, and this osmotic pres¬ 
sure may contribute up to 50% of the compressive stiff¬ 
ness of the articular cartilage. The swelling pressure is 
balanced by the tensile stress of the collagen framework. 

Mow and colleagues have described the extracellular 
matrix as a cohesive porous composite. Their biphasic 
mode) for articular cartilage considers the tissue as an 
interacting mixture of two continua: a porous, permea¬ 
ble, elastic solid and an interstitial fluid. Because of 
swelling pressure, the collagen network of the articular 
cartilage is under tensile prestress even when unloaded. 
During compression, the concentration of the organic 
material and the charge density increase because the in¬ 
terstitial fluid is forced to flow from the matrix. A new 
equilibrium is reached when the charge density, collagen 
tension, and applied load arc in balance. 44 The deforma¬ 
tion of this cartilage in association with fluid exudarion 
is called creep. The compression time curve consists of 
the creep phase controlled by fluid exudation, and the 
second phase is related to the collagen proteoglycan ma¬ 
trix component. During prolonged periods of stationary 
loading, fluid is slowly exuded and redistributed within 
the cartilage until an equilibrium position is reached, at 
which stage the increased concentration of the fixed 
charge density is counterbalanced by the increased os¬ 
motic swelling pressure of the proteoglycan. When fluid 
motion ceases, all the external load is borne by the solid 
extracellular matrix. 

Intermittent pressures created by the interaction of 
the opposing articular surfaces are needed to pump fluid 
through the cartilage for nutrition and the removal of 
metabolic byproducts. v Expressed fluid from the articu¬ 
lar cartilage resembles synovial fluid except for its low 
protein content and viscosity." 1 The concentration of 
fixed charges from GAGs is the prime determinant of 
cartilage permeability.* Simple diffusion would seem 
sufficient for nutrition of all but the deepest layers of 
articular cartilage, but joint movement probably facili¬ 
tates the process. 

The structural arrangement of the collagen fibers, 
proteoglycans, and chondrocytes within articular carti¬ 
lage produces a complex path for solute movement. The 
most significant components affecting solute movement 
are the proteoglycans. As the proteoglycans arc inter¬ 
woven within the collagen fibers, the proteoglycans are 
constrained from expanding, so the matrix acts like a 
fine sievelike structural arrangement through which 
small and large molecules attempt to move. Studies have 
shown that proteoglycan restricts solute movement 
within the tissue matrix. The proteoglycans restrict the 
diffusion of large, uncharged solutes but do not affect 


the diffusion of small, uncharged solutes. The molecular 
size and conformation of the solute is also an important 
factor. Removal of proteoglycans increases the influx of 
large molecules into the matrix, which suggests that pro¬ 
teoglycan removal may also increase the efflux of large 
molecules from the tissue matrix. 1 It has been suggested 
that the marked loss of aggrecan and newly synthesized 
proteoglycan monomer from the matrix in osteoarthritis 
(OA) is probably a direct result of the increased mobility 
of these macromolecules as the tissue matrix components 
continue to degrade. 

It is also well accepted that mechanical forces modu¬ 
late the metabolic activity of chondrocytes, but the spe¬ 
cific mechanisms of mechanical signal transduction in 
articular cartilage are still unknown. 4 1 One proposal 
is that chondrocytes may perceive changes in their me¬ 
chanical environment through cellular deformation. 11 
Others have suggested that changes in local interstitial 
pH may account for the observed biosynthetic response 
to static compression seen in articular cartilage/ ' but 
more recently, this has been shown definitely not to be 
the sole determinant of biosynthesis, and it cannot really 
account for the long-term response of cartilage tissue 
to static compression. The GAG content of habitually 
loaded areas of cartilage is greater than that of habitually 
unloaded areas. 40 Work in sheep stifle joints has shown 
that different areas of articular cartilage subjected to dif¬ 
fering mechanical stresses contain a phenotypically dis¬ 
tinct chondrocyte population. 42 Chondrocyte pheno¬ 
types were identified by the relative biosynthesis of 
aggrecan, biglycan, and decor in. 

Articular Cartilage Metabolism and Matrix 
Turnover 

The chondrocytes synthesize all the components of 
the cartilage matrix. At each stage of growth, develop¬ 
ment, and maturation the relative rates of matrix synthe¬ 
sis and degradation are adjusted to achieve net growth, 
remodeling, or equilibrium. A unique interaction exists 
between chondrocytes and the surrounding matrix. This 
may be facilitated by a cilium from each chondrocyte 
that extends into the matrix and acts as a “probe.’* sen¬ 
sing changes in the matrix composition such as loss of 

f >roteoglycan or collagen or increase or decrease in hya- 
uronan concentration. This information is relayed to the 
cell. Interaction between the pericellular and territorial 
matrix and the chondrocyte cell membrane also may in¬ 
clude transmission of mechanical signals by changes in 
matrix tension or compression. Other investigators have 
provided support for the idea that forces perceived bv 
chondrocytes dictate their shape and then stimulate al¬ 
terations in cellular biochcmistrv and matrix metabo¬ 
lism. 22 

Collagen turnover times within articular cartilage 
have been estimated to be 120 years in the dog and 350 
years in adult humans. " The slow turnover time of colla¬ 
gen compared with that of proteoglycan is presumably 
related to the structural features. On the other hand, the 

f >rotein core of aggrecan is commonly cleaved, particu- 
arty the portion between the G1 and < i2 domains. Cleav¬ 
age here leaves a large C-tcrminal proteoglycan fragment 
that diffuses out of the tissue. The overall proteoglycan 
turnover time in adult rabbit and dog articular cartilage 
is about 300 days. 
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Dynamic load and the action of cytokines are consid¬ 
ered to be involved in matrix turnover. Cytokines of 
principal interest at the moment are the interleukins and 
TNF-«. These factors act on chondrocyte receptors and 
influence the production and activation of metal loprotei- 
nases. The activity of matrix metalloproteinase in turn 
is inhibited by tissue inhibitors of metalloproteinase 
(TIMP-1 and TIMP-2), and there is a slight excess of 
TIMP over metalloproteinase concentration in normal 
articular cartilage. 10 There is further reference to the ac¬ 
tion of cytokines under ‘‘Pathobiology of Joints... 

Not all cytokines cause degradation. There are a num¬ 
ber of growth factors, such as insulin-like growth factor 
1 (IGF-1) and various members of the transforming 
growth factor (TGF) superfamily (including bone mor¬ 
ph ogenic proteins (BMPs))* that are positively involved 
in articular cartilage synthesis. 

Lubrication and Shock Absorption 

The synovial joint contains two systems that require 
lubrication: a soft tissue system involving the sliding of 
synovial membrane on itself or other tissues and a carti¬ 
lage-on-cartilage system. Lubrication of the synovial 
membrane is by boundary lubrication, and byaluronan 
is the important component in the synovial fluid that 
performs this function/ 5 The hyaluronan molecules 
stick to the surface of the synovial membrane and allow 
the synovial membrane to slide over the opposing sur¬ 
face. This function is important because a major part 
of the frictional resistance in joint movement is in the 
synovial membrane and fibrous joint capsule. 

Cartiiagc-on-cartilagc lubrication uses two systems: 
boundary lubrication and hydrostatic lubrication. 
Boundary lubrication operates at low loads, the neces¬ 
sary component being primarily a glycoprotein lubricat* 
ing fraction. At higher loads, boundary lubrication 
fails because the lubricant is sheared off the articular 
cartilage, and the joint is lubricated by hydrostatic or 
squeeze-film lubrication. In hydrostatic lubrication, the 
cartilage surfaces are kept apart by a fluid film made 
of joint fluid and interstitial fluid that weeps from the 
articular cartilage itself. The squeeze film effect is proba¬ 
bly potentiated by the undulation of the cartilage surface 
and the elasticity of the cartilage, which may lower fric¬ 
tional resistance by clastohydrodynamic effects. 53 Some 
people have suggested that plugging the cartilage pores 
by hyaluronate after a squeeze film is present on the sur¬ 
face may facilitate hydrostatic lubrication (called 
“boosted lubrication”). The concept that cartilage-on- 
cartilage lubrication is totally independent of hyaluru- 
nan has been challenged. When cadaveric joints were 
used instead of artificial lubricating situations, there was 
a clear effect of hyaluronan on animal joints with experi¬ 
mentally reduced lubricating ability. It was concluded 
that lubrication by fluid film was influenced by the vis¬ 
cosity of the lubricant. The viscosity of the synovial fluid 
was also considered to be important in reducing friction 
at low loads of articular surfaces, and hyaluronidase 
digestion of samples caused a significant increase in fric¬ 
tion over the control samples.''' 

In the past, articular canilage was considered the 
shock absorber of the joint. However, force attenuation 


studies have shown that the bone and periarticular soft 
tissues are the shock absorbers of the joint, and cartilage 
provides little shock absorption. 54 

Subchondral Bone 

The subchondral plate and epiphyseal bone beneath 
it form an integral part of the joint structure, providing 
structural support to the overlying articular cartilage. 
The subchondral plate consists of cortical bone that var¬ 
ies in thickness depending on the joint. With exercise, 
remodeling occurs, and the amount of dense cortical 
bone can increase, at least in rhe carpus and fetlock, but 
there is marked variation among horses. ' The relation¬ 
ship between the mechanical properties and morphome¬ 
try of the bones of horses has been explored. s In the 
third carpal bone, maximal subchondral bone stiffness 
occurs 10 mm palmar to the dorsal margin. There is also 
a significant negative correlation between subchondral 
stiffness and the porosity of the radial facet of the third 
carpal bone. 

Acquisition of such basic data is important in studying 
traumatic joint disease in the horse. Early work extrapo¬ 
lated two proposals in humans that OA is associated 
with an increase in subchondral bone stiffness outside 
the physiologic range. 56 However, it has been reported 
that there is no connection between the carpal articular 
cartilage proteoglycan content of racehorses and the me¬ 
chanical and morphologic properties of the subchondral 
bone/ 1 Recent work has shown inicrodamagc in the sub¬ 
chondral bone (including mkrocracks and ostcocyte 
death) to be a relatively early event in exercising horses. 25 

Cytokines and growth factors similar to those present 
in articular cartilage are present in bone. These include 
IGF-1, the TGF-0 family (which includes BMPs 2 to 7), 
platelet-derived growth factor, and fibroblast growth 
factors. These peptides are produced by bone cells and 
are present in bone matrix. II.-1 and TNF-ar arc also 
present in bone. Presumably disease in subchondral bone 
would expose the articular cartilage to these cytokines. 
More details on the relationship between articular carti¬ 
lage and subchondral bone are presented under “Patho¬ 
biology of Joints... 

The innervation of the subchondral bone plate has 
been a subject of controversy. Although examination of 
histologic preparations by silver staining methods has 
indicated that the subchondral plate marrow spaces and 
epiphyseal cortical bone contain nerve fibers of various 
types, it has been argued that intimate association of 
these nerve Fibers—particularly the small unmyelinated 
fibers—with penetrating arterioles may indicate that 
their role is vasomotor. 8,66 (Larger myelinated fibers 
and nerve endings of various types have been described 
in diaphyseal bone marrow spaces, periosteum, and peri¬ 
articular capsular, ligamentous, and synovial structures.) 
Other doubts have stemmed clinically from the varying 
pain response from large subchondral defects such as 
subchondral cystic lesions and the difficulty in effectively 
eliminating the clinical signs of such entities with intraar- 
ticular and regional anesthesia. Other studies have pro¬ 
posed that increased intraosseous pressures arc impor¬ 
tant in the generation of pain and several articular and 
periarticular diseases. 2 
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Recent immunohistochemical techniques identifying 
substance P (a neuropeptide specifically located in sen* 
sory nerves and central nervous system [CNS| elements) 
have helped study the innervation of the subchondral 
plate further. 4 ** Substance P immunoreactive neurofila¬ 
ments have been identified in the subchondral bone of 
normal equine metacarpophalangeal joints by use of a 
specific substance P antiserum. The nerves existed in the 
small cancellous spaces and diversion canals. Previous 
* immunohistochemical studies of the subchondral plate 
of diseased human patellae revealed substance P fibers 
in the periosteum and subchondral plate of patellae af¬ 
fected with degenerative disease/" Another interesting 
finding in the human study was the observation of sub¬ 
stance P fibers in erosion channels running through the 
subchondral plate to the deep surface of the articular 
cartilage, where nerve terminals were seen. Because ero¬ 
sion channels were not seen in normal patellae, the pres¬ 
ence of the substance P fibers in the erosion channels 
may represent a morphologic change explaining why de¬ 
generative patellae become painful. 

Embryologic Development and Maturation 

A brief review of the embryologic development of 
joints and their subsequent maturation is relevant to 
some of the developmental anomalies to be considered 
below. These events are illustrated diagrammatically in 
Figure 7.7, 

In initial limb bud development there is a concentra¬ 
tion of mesenchyme in the center of the limb called the 
skeletal blastema. A hyaline cartilage model (bone anla- 
gen) develops in the blastema, and a homogeneous in¬ 
terzone composed of undifferentiated mesenchyme ap¬ 
pears between the ends of adjacent anlagen (Fig. 7.7A). 
There is a condensation of two outer layers (fibrous joint 
capsule and synovial membrane) in the interzonc (Fig. 
7.7B), The joint capsule and synovial membrane become 

5 progressively vascularized. The muscle masses of the 
etus then start contracting, and defects appear in the 
intermediate layer of the interzone (Fig. 7.7C). Expan¬ 


sion of this space forms the synovial cavity (Fig. 7.7D). 
The outer layers of the interzone form articular cartilage 
on the ends of the developing bone. Without limb mo¬ 
tion, the joint space will not develop, and a mass of carti¬ 
lage persists across the joint. 

Although the main mass of the epiphysis results from 
chondrification of the blastema, the epiphysis receives a 
superficial contribution by chondrification of peripheral 
layers of the joint interzone. Later development also 
demonstrates the dual nature of the articular cartilage. 
There is a superficial layer that is destined to serve as 
articular cartilage and is incapable of ossification, and 
the deeper layers of the epiphyseal cartilage will become 
the bony epiphysis. There seems to be a functional differ¬ 
ence between articular and epiphyseal chondrocytes of 
juvenile articular cartilage. The difference is evidenced 
by the different rates of formation and increase of cyto¬ 
plasm vesicles and packets. 

The process by which cartilage is replaced by bone in 
the developing epiphysis is identical to that of the me¬ 
taphyseal growth plate. The cartilage tissue undergoes 
the developmental sequences of proliferation, matura¬ 
tion, degeneration, and ossification. It is felt that tissUe 
stress histories constitute an important influence during 
this process, 6 Using finite-element computer models, it 
has been proposed that the process of endochondral ossi¬ 
fication is accelerated by shear stresses (or strain energy) 
and inhibited or prevented by intermittently applied 
compressive stresses (hydrostatic pressure). Although 
these specifics remain theory, mechanical forces are con¬ 
sidered to be important but probably more complicated 
than those proposed so far. 

The concept of a direct correlation between the thick¬ 
ness of articular cartilage and magnitude of loading 
stress placed on articular cartilage is an old one. Simon 
and co-workers 69 * 70 proposed that variations in thick¬ 
ness of articular cartilage are closely allied to congruency 
of opposing articular surfaces of synovial joints. There¬ 
fore, in highly congruent joints, thin articular cartilage 
is sufficient, since the load passing from one bone to the 
next is distributed over a large area, compared with the 
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Figure 7.7 Diagrammatic representation of the development of a joint. 


Copyrighted material 






Chapter ? Diseases of Joints, Tendons. Ligaments, and Related Structures 467 



Figure 7,8 Factors involved in articular 
cartilage degradation in equine osteoarthritis. 
PG. proteoglycan. (Reprinted with permission 
from Mctlwraith CW, Trotter GW, Eds. Joint 
Disease in the Horse. Philadelphia; WR 
Saunders, 1996.) 


much larger load that would be experienced if only a 
focal area of the articulating surfaces was transmitting 
the load. On the other hand, thicker articular cartilage 
is found notably in incongruent joints and, because of 
its increased defomubiliry, is suitably adapted for the 
distribution of large focal forces to an increased area of 
the subchondral bone. 69 * 70, 1 Firth and Hartman further 
studied joint fitting and cartilage thickness in the radio¬ 
carpal joint of foals. 14 They found that the thickest carti¬ 
lage corresponded to the proximal center of the contact 
area of the opposing articular surface. These areas arc 
all convex to the direction of the ground reaction forces. 
The situation in the adult, in which convex joint surfaces 
of the thickest articular cartilage are at the convexity 
and concave surfaces and the thinnest cartilage at the 
periphery, 4 * appears to be the same as that in the imma¬ 
ture equine distal radius. It was felt that the thicker carti¬ 
lage at these sites may act to protect the cancellous bone 
or the epiphysis at a time when such immature osseous 
tissue may not be capable of sustaining the stresses 
placed upon it. This protective function could he facili¬ 
tated by the greater ability of thicker (compared with 
thinner) cartilage to expand laterally when compressed 
by a given load. It is also known that the restraining 
effect of the subchondral bone on lateral expansion is 
greater in thinner cartilage. 

The epiphyseal cartilage, which is destined to ossify, 
contains blood vessels within cartilage canals. These ca¬ 
nals assist in nutrition of the epiphysis and are directly 
involved in the osteogenesis of the secondary centers of 
ossification, 1 They are also partially responsible for in¬ 
terstitial growth of the chondroepiphysis . 7h When epi¬ 
physeal cartilage has been converted to bone, the ossi¬ 
fying front ceases to advance, and only the articular 
cartilage will remain. The ossification of the epiphysis is 
illustrated in Figure 7,8. Some joint problems arc related 
to errors in these developmental processes. 
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PATHOBIOLOGY OF JOINTS AND THEIR 
REACTION TO INSULT AND INJURY 

This section contains some general comments on the 
reaction of joint tissues to injury and healing responses 
that occur. Specific pathologic changes as they relate to 
individual disease entities are considered when those dis¬ 
eases are discussed. 

The reaction in the various joint-associated tissues 
should not be considered in isolation, as evidenced by 
the example of the carpus of a racehorse. Considerable 
damage may be inflicted directly to the articular cartilage 
in regions of concussion, as exemplified by the fractures 
that occur on the dorsal aspect of the joint. Intraarticular 
fractures of the carpus cause varying degrees of articular 
cartilage loss. Ulcerative lesions unassociated with frac¬ 
tures may develop as a consequence of direct concussion. 
However, cyclic fatigue damage to the collagen network 
could be an important step in the pathogenesis of a more 
insidious osteoarthritic entity. Fatigue or damage in the 
collagen framework could expose chondrocytes to dele¬ 
terious physical forces, causing injury and metabolic 
changes. Primary damage to the subchondral bone other 
than fracture may also occur on the proximal third car¬ 
pal bone or the distal radial carpal bone and lead to 
secondary damage to the articular cartilage either from 
loss of support or secondarily from release of cytokines. 
Subchondral sclerosis may also lead to further physical 
damage to the articular cartilage because of decreased 
shock absorption. Acute synovitis and capsulitis is a 
common problem in these same joints and may also con¬ 
tribute to the degenerative process by the release of en¬ 
zymes, inflammatory mediators, and cytokines. 67 

When considering a traumatically injured joint, two 
basic pathobiologic processes should be considered: 1) 



Figure 7.9 Factors involved in enzymatic degradation of 
articular cartilage matrix, IL-1, interleukin 1; TNF«, tumor necrosis 
factor alpha: FGF, fibroblast growth factor: PG, prostaglandin: 

PLA?, phospholipase A ? ; uPA, urokinase plasminogen activator; 
tPA. tissue plasminogen activator, PA. plasminogen activator 
PGE 2l prostaglandin E 2 ; TIMP, tissue inhibitor metalloproteinase 
(Modified from Figure 3*7 in Mcllwraith CW, Trotter GW, Eds, Joint 
Disease in the Horse, Philadelphia: WB Saunders, 1996.) 

inflammation of the synovial membrane and fibrous 
joint capsule (synovitis and capsulitis) and 2) physical or 
biochemical damage to the articular cartilage and bone. 
Acute synovitis and capsulitis can cause significant clini¬ 
cal compromise and may also contribute to the degenera¬ 
tive process by the release of enzymes, inflammatory me¬ 
diators, and cytokines, 64 These processes arc outlined in 
Figures 7.8 and 7.9. Aging also causes changes. 87 " 

Synovitis and Capsulitis 

Treatment of synovitis and capsulitis, particularly the 
acute form, is indicated to 1) alleviate the immediate 
compromising effects of inflammation, including pain 
and reduced function, 2) prevent the development of per¬ 
manent fibrosis in the joint capsule, which in turn w f il! 
cause decreased motion and compromised shock absorp¬ 
tion capabilities in that joint, and 3) prevent or minimize 
the development of OA. 

Synovitis and capsulitis as primary entities in athletic 
horses are presumed to be associated with repeated 
trauma.Severe injury to the fibrous joint capsule 
can also cause instability. Synovial membrane itself is 
mechanically weak and has no known biomechanical 
role, but it is recognized that synovial injury may have 
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pathophysiologic consequences in the joint. 2 Some inju¬ 
ries may affect diffusion across the synovial membrane, 
and others will have a primary effect on the metabolism 
of the chondrocyte." Mechanically damaged synovio¬ 
cytes may release degradative enzymes and cytokines 
that will alter the intraarricular environment and possi¬ 
bly affect articular cartilage. It has also been suggested 
that high intraarticular pressures in injured joints associ¬ 
ated with effusion could suffice to impair the flow of 
blood through the synovial capillaries. This would not 
only potentially lower the oxygen tension of the joint, 
but could potentially lead to reperfusion injury. 5 * Flex¬ 
ion of a joint with sufficient synovial effusion could raise 
the intraarticular pressure to levels of impaired blood 
flow through the synovial capillaries. Ischemia and re- 
perfusion could lead lo the production of oxygen-derived 
tree radicals. 1 In the presence of synovial effusion in the 
hip, a position of extension and medial rotation causes 
an increase in intraarticular pressure that may compro¬ 
mise the blood supply to the capital epiphysis of the 
femur. In inflammatory synovitis in the human knee, the 
rise in intraarticular pressure with isometric quadriceps 
contraction related to effusion volume and the inflam¬ 
matory process prevents reflex muscle inhibition. The 
latter is normally a locally protective mechanism that 
minimizes the potential for intermittent ischemia or oxi¬ 
dative injury.' 1 

In addition to direct injury that may occur to the syno¬ 
vial membrane, the reaction of synovial membrane to 
articular cartilage damage or other mechanical destruc¬ 
tion of intraarticular tissues is well recognized. The pres¬ 
ence of cartilaginous wear particles increases the cellular 
production of prostaglandin K 2 , cytokines, and the neu¬ 
tral metalloproteinases (collagenase, stromelysin, and 
gelatinase). Further, the proteoglycans released into sy¬ 
novial fluid cause synovitis. 

Synovial membrane inflammation and lysosomal ac¬ 
tivity in the pathogenesis of equine degenerative joint 
disease (DJD> was evaluated by the author in an experi¬ 
mental model based on the intraarticular injection of the 
polyene antibiotic filipin. 0 Fill pin is a drug capable of 
disrupting lysosomes, and this experimental model pro¬ 
duced morphologic and biochemical lesions of OA in 
the articular cartilage. More recent work with cells and 
tissues of equine joints has shown that synovial cells are 
a good source of proteolytic enzymes active against both 
collagen and proteoglycan 111 Synoviocytes and chon¬ 
drocytes isolated from healthy joint tissue exhibit no de¬ 
tectable enzyme production, hut stimulation of the cells 
with an extract containing IL-1 produced high levels of 
stromelysin. 11 ' Injury or insult to the synovial membrane 
is important because of the potential to produce a num¬ 
ber of effects. The first is oirect release of proteinases. 
Four main classes of proteinases are recognized: meta llo¬ 
protei nases, serine proteinases, cysteine proteinases, and 
aspartic proteinases. The synthesis of many of them has 
been shown to be altered by a variety of cytokines and 
hormones. The various proteinases potentially involved 
in equine joint disease are considered below. 

Proteinases 

MbTALLOPROTEINASES 

Meta I loprotc ina ses are considered to play a major 
role in the degradation of the extracellular ma* 
trix.^ 1 These enzymes are characterized by a re¬ 


quirement for Zn 2 *■ in their active site. Calcium is also 
required for expression of full activity but does not reside 
in the active site. Neutral proteinase activity was identi¬ 
fied by Sapolsky et al. in 1974 10> and identified more 
specifically as a metalloproteinase (MMP) in 1976.' ' 
Since that rime the enzyme has been shown to be identi¬ 
cal to stromelysin or MMP-3. ,2s MMPs may be further 
subdivided into collagcnases, gelatinases, and stromcly- 
sins. Evidence linking MMPs to matrix degradation in¬ 
cludes their presence in increased concentrations in dis¬ 
eased cartilage, topographic relationship to OA lesions, 
synthesis by articular cells, and activity at physiologic 
pH, 11 MMPs that have been incriminated in OA include 
collagenase 1 (MMP-I), collagenase 2 (MMP-8), colla- 
genasc 3 (MMP-13), stromelysin 1 (MMP-3), and two 
gelatinases (MMP-2 and MMP-9). Evidence for varying 
roles of these MMPs in equine articular cartilage degra¬ 
dation is accumulating and is presented below. The po¬ 
tential for MMPs to degrade collagen and proteoglycans 
is discussed separately. 

Three collagcnases have been identified. The one that 
was recognized first and has been investigated the most 
is interstitial or tissue collagenase. Interstitial or tissue 
collagenase (also called MMP-1) is specific for collagen 
as a substrate and cleaves all three chains of the triple 
helix at one susceptible point between residues 775 and 
776 (glycine and isolcucinc, respectively \ of the ori (I) 
chain of collagen types I, II, and 111/ ' 1 ' Collagenase 
also cleaves collagen tv pcs VII, VIII, and X but docs not 
cleave basement membrane types IV, V, and VI or tvpes 
IX and XI. 38,1 5 Interstitial collagenase is produced by a 
wide variety of cells including macrophages, fibroblasts, 
synovial cells, osteoblasts, chondrocytes, and endothelial 
cells. s L 1 There is a second human collagenase, called 
PMN collagenase (also called MMP-8). 12 ^ 25 PMN col¬ 
lagenase is stored in specific granules of polymorphonu¬ 
clear leukocytes (PMNs) and secreted in response to ap¬ 
propriate stimuli, 124 but recent evidence supports a key 
role in human OA. h>8 Recently, evidence bas accumu¬ 
lated in both human and equine studies that the primary 
collagenase involved in the degradation of type II colla¬ 
gen of articular cartilage may in fact be collagenase 3 
(also known as MMP-13). , *' ?5 - 10 ** Ui Caron et al. 14 
found that MMP-13 is produced by equine chondrocytes 
and that MMP-13 expression was significantly stimu¬ 
lated by recombinant human (rh)II.-l.The equine MMP- 
13 cDNA had 93% homology with the human MMP- 
13 cDNA sequence. MMP-1 > is expressed at low levels 
in stationary equine chondrocyte cultures, and rhIL-l/jf 
significantly upregulatcs this expression. Human MMP- 
1 > was initially cloned from a cDNA library obtained 
from a human mammary carcinoma.* Subsequently, 
MMP-13 was documented ro be a product of human 
articular chondrocytes. 46 Expression of MMP-13 by 
chondrocytes in human osteoarthritic cartilage has been 
demonstrated, 1 ' and it was shown that MMP-13 turned 
over type II collagen at least 10 times faster than MMP- 
1. ‘ Experiments with intact type II collagen demon¬ 
strated that MMP-13 cleaved type II collagen at the same 
bond as MMP-1, but this was followed by a secondary 
cleavage that removed three amino acids from the 
uarter fragment amino terminus. Other workers have 
emonstrated higher levels of expression for both MMP- 
l and MMP-13 by OA chondrocytes than by normal 
chondrocytes. In addition, they showed that messenger 
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RNA for MMP-8 was present in OA cartilage hut not 
in normal cartilage. I N I--nr has also been shown to stim¬ 
ulate expression of all three collagenases. 1 w Freemont 
et al . lh demonstrated gene expression of MMPs 1,3, and 
9 in articular chondrocytes during histologic develop* 
ment of the cartilage lesion of OA using ,5 S-labeled 
cDNA probes. In OA, MMP gene expression was great¬ 
est in the superficial layer. * In contrast, messenger 
RNAs for MMPs 3 and 9 were expressed deeper in the 
cartilage: MMP-9 early in the disease, and MMP-3 with 
a biphasic pattern in early* and la re-stage disease. They 
concluded that the expression of genes for MMPs 3 and 
9 is differentially regulated in human articular chondro¬ 
cytes and, m individual cells, is related to the depth of 
the chondrocyte below the cartilage surface and the na¬ 
ture and extent of the cartilage lesion. 

Consideration of the breakdown of proteoglycan at¬ 
tention has focused on stromelysin (also called proteo- 
glycanasc or MMP-3) as well as an undefined enzyme 
called “aggrccanasc. ‘ Stromelysin was first purified by 
Galloway ct al. and was termed “ proteoglycanase’* be¬ 
cause it degraded proteoglycan. J Stromelysin has a wide 
variety of substrates including proteoglycans (aggrecan, 
decorin, fibroinodulin, link protein) and types IV, V, VII, 
IX. and XI collagen also cleaves type II collagen in non¬ 
helical sites). 125,12B Stromelysin is also considered to 
have a significant role in activating procollagenase to 
collagenase.*' A second enzyme closely related to stro¬ 
melysin and called stromelysin-2 (also MMP-10 and 
transin-2) has been cloned and characterized. At present 
its role in inflammatory diseases is unknown. 1 ' In vitro 
studies of II.-1-induced cartilage degeneration have re¬ 
vealed evidence of collagen degradation that could be 
attributable to stroroelvsin in addition to that attribut¬ 
able to collagenase. 25,8 The molecular cloning and carti¬ 
lage gene expression of equine stromelysin 1 (MMP-3) 
has been described recently by Balkman and Nixon 
(1998). 6 

Initial cleavage of the large aggregating proteoglycan, 
aggrecan, in situ occurs between rhe G1 and G2 domains 
(the E| region), which causes release of the GAG-hearing 
region of proteoglycan, and the G1 domain remains at¬ 
tached to the hyaluronate backbone. 1 " 1 Three related 
metalloproteinases examined (rabbit bone stromelysin 
and recombinant human stromelysin-1 and stromelvsin- 
2) all cleave cartilage proteoglycans at this location. M 
The specific site of this cleavage is at the asp341-phe342 
bond.' This may also be the primary site of cleavage 
during normal proteoglycan turnover in the cartilage 
matrix. Stromelysin also cleaves link protein m human 
neonatal cartilage aggrecan at the hislh-ilel7 bond.*- s 1 
In addition to cleavage at the asn341-phe342 site (MMP 
site), cleavage between rhe G1 and G2 domains also oc¬ 
curs at rhe glu373-ala374 site, and this has been attrib¬ 
uted to an as-yet unidentified enzyme called aggreca- 
nasc. 101 Although it was initially felt that neutrophil 
collagenase (MMP-8) might represent this activity, 35 this 
has since been proven not to be the case. It has been 
proposed more recently that aggrccanasc is the primary 
enzyme responsible for breakdown of proteoglycans in 
cartilage degradation, whereas the principal role of stro¬ 
melysin is in normal homeostasis and remodeling. Arner 
et al. also suggested that MMP-8 does not represent car¬ 
tilage aggrccanasc because of the differential breakdown 
of fragments. 3 In inflammatory synovitis (rheumatoid 


arthritis) in humans, high levels of stromelysin in the 
synovial fluid support the proposal that this enzyme may 
play a role in the connective tissue degradation observed 
in this disease. 122 * 

This newer information indicates that there arc at 
least two enzyme activities involved in proteoglycan ca¬ 
tabolism (the known MMPs and aggrecanase). The se¬ 
quences or situations in which these act is unknown but 
could include aggrecanase as the primary degrading en¬ 
zyme, MMP as the primary enzyme and aggrecanase act¬ 
ing on catabolized molecules, or both enzymes working 
separately on different molecules. 

A 72-lcDa gelatin-degrading proteinase (gelatinase) 
(also called MMP-2, type IV collagenase, and matrilysin) 
degrades denatured type II collagen and type IV collagen 
and also has significant activity against fibronectin, elas- 
tin, and collagen types V, VII, X, and XI but not against 
collagens I and VI. ,125 A second gelatinase (92-kDa) 
(also called type V collagenase, MMP-9, and invasin) is 
a major secreted product of stimulated PMN leukocytes 
and macrophages. 124125 Equine matrix metalloprotei 
nases 2 ana 9 have been characterized in the horse. 16,17 
The one-quarter and three-auarter fragments generated 
by cleavage of fibrin or collagens bv collagenases can 
unwind and are then susceptible to further cleavage by 
MMP-2 and MMP-9. MMPs 2 and 9 are produced by 
a variety of equine cell types. These enzymes have been 
found at elevated levels in synovial fluids from horses 
with joint disease. 16,17 It is still not clear from current 
work what role these individual MMPs may play in 
equine cartilage degradation. 

All metalloproteinases are secreted as latenr proen¬ 
zymes that are activated extracellularlv. Collagenase is 
probably normally activated by stromelysin,* 1 but colla¬ 
genase and possinly other metalloproteinases can also 
be activated by plasmin (produced from plasminogen by 
the action of tissue or urokmase-type plasminogen acti¬ 
vators, kallikrcin and cathcpsin-B).^ Stromelysin is acti¬ 
vated by plasmin and other protcinascs that activate col¬ 
lagenase. ' Recent evidence suggests that latency is 
attributable to formation of an intramolecular complex 
between a single cysteine residue in the propeptide do¬ 
main and the essential zinc atom in the catalytic domain 
(these are the only two domains common to all MMPs). 
Activation is associated with detachment of the cysteine 
residue from the complex and is referred to as the “cyste¬ 
ine-switch" mechanism of activation. 122 

The metalloproteinases are inhibited by two tissue in¬ 
hibitors of metalloproteinase, TIMP-i and TIMP- 
2 is.no inhibit all known MMPs by forming a I: I 
enzyme-inhibitor complex.* 1 TIMP is found in many 
connective tissues and may be the most important inhibi¬ 
tor found in articular cartilage. A deficiency of TIMP 
relative to levels of metalloproteinases has been demon¬ 
strated in osteoarthmic human cartilage. 21,24 It is cur¬ 
rently thought that the balance between MMPs and 
TIMPs is important for the progression of articular carti¬ 
lage degradation. 

In summary, metalloproteinases arc considered to 
play a major role in articular cartilage degradation. They 
are secreted as latent proenzymes and activated cxtraccl- 
lularly by serine protemases. Plasmin may activate stro¬ 
melysin, and stromelysin in turn is an important activa¬ 
tor of collagenase. Metalloproteinases are inhibited by 
TIMPs, and a relative deficiency of the latter may be 
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important in cartilage degradation. With the develop¬ 
ment of techniques to study equine MMPs, more com¬ 
plete investigations arc happening in the horse. Ques¬ 
tions that it will be nice have answered include 1) do the 
aggrecan fragments released into equine synovia) fluids 
reflect cleavage by “aggrecanase" or MMPs; 2) which 
collagenase plays the major role in type II collagen degra¬ 
dation; 3) when equine articular cartilage is cultured ex 
vivo with inflammatory cytokines, is there increased deg¬ 
radation of aggrecan type IJ collagen, and are MMPs 
involved; and 4) docs administration of MMP inhibitors 
to horses with joint disease lead to clinical improvement 
and docs such improvement correlate with reduced levels 
of aggrecan and collagen degradation?' 44 

Serine Proteinases 

Synovitis can also produce plasminogen activators 
(serine protcinascs). Two types of plasminogen activator 
are recognized. Tissue plasminogen activator (tPA) and 
urokinase (uPA) both cleave plasminogen to active 
plasmin. This cascade plays a role in activating metallo¬ 
proteinase. This system is also regulated by a series of 
plasminogen activator inhibitors. That IL-1 can stimu¬ 
late production of tissue plasminogen activator has been 
established. 1 IL> Other serine proteinases include elastasc 
and carhepsin-G. Neutrophils are the source of elastasc 
and cathepsin-G. 

Cysteine Proteinases 

Carhcpsins B, H, and L arc lysosomal proteinases that 
belong to the class of cysteine proteinases, of which ca- 
thcpsin-B and cathcpsin-L are best known. Both cathep- 
sin-B and cathcpsin-L cleave the internal peptides of col¬ 
lagen. Cathcpsin-B also cleaves the hyaluronic 
acid-binding region from cartilage proteoglycans and 
degrades the GAG attachment region to small frag¬ 
ments. 7, *°" It has been suggested that the proteolytic 
action of cathepsin-B, at least in human joints, appears 
to be related to cysteine protease inhibitors. 55 The signif¬ 
icance of their role in cartilage degradation is controver¬ 
sial. 66 

Aspartic Proteinases 

Cathcpsin D, which is the most prominent lysosomal 
proteinase acting at acid pH, requires aspartic add resi¬ 
dues as part of the catalytic mechanism. Under inflam¬ 
matory conditions and during periods of rapid extracel¬ 
lular matrix destruction, it is secreted extracellularly by 
macrophages in connective tissue cells, mostly as a pro¬ 
enzyme. Under the active metabolic conditions found in 
inflammatory joint disease, it is possible that CO 2 and 
lactic acid production could create an environment of 
sufficiently low pH in the pericellular space to permit 
the proteolytic activity of cathcpsin D, However, there 
has Keen no defined work in the horse. 

Prostaglandins 

Prostaglandins (primarily E group) are produced in 
inflamed joints and can cause a decrease in the proteogly¬ 
can content of the cartilage matrix. ’ ^• 114 Prostaglan¬ 
din Ej> (PGE*) can be released from synovial cells in re¬ 
sponse to IL-1. 22 The presence of PGL 2 in synovial fluid 
from inflamed joints has been demonstrated in the 


horse, 64,113 and in our laboratory at Colorado State Uni¬ 
versity we use PGE 2 measurements as an index of the 
level of synovitis. Actions of PGE 2 in joints include vaso¬ 
dilatation, enhancement of pain perception, proteogly¬ 
can depletion from cartilage (by both degradation and 
inhibition of synthesis), bone demineralization, and pro¬ 
motion of plasminogen activator secretion. PGE 2 is re¬ 
leased from chondrocytes on stimulation of these cells 
by IL-1 and TNK-a. 

Oxygen-Derived Free Radicals 

Oxygen-derived free radicals, including superoxidc 
anion, hydroxyl radicals, and hydrogen peroxide, may 
be released from injured joint tissues. Studies have dem¬ 
onstrated cleavage of hyaluronic acid by free radi¬ 
cals. 43 4 ' There is also evidence that superoxide can de¬ 
grade the a chains of collagen, based on the Finding that 
superoxide treatment inhibits gelatin, 126 Proteoglycans 
may also be cleaved by free radicals. 22 ’ 106 Increased free 
radical levels in the synovial fluid of horses with equine 
joint disease have been recently demonstrated. 24 * 

Nitric oxide has recently been recognized as an impor¬ 
tant physiologic mediator. It combines avidly with super¬ 
oxide anion, and although this was originally thought 
to provide a protective function, it now seems that this 
reaction can generate further destructive species includ¬ 
ing peroxynitrite anion and hydroxyl radicals. v: The role 
of nitric oxide in joint disease needs, and is receiving, 
further attention. 

Cytokines and Articular Cartilage Degradation 

Much of the destructive proteinase activity described 
above is released by cytokines. Cytokines are defined 
as soluble peptides produced by one cell that affect the 
activity of other cell types. Studies of cytokines in joint 
tissues suggest that IL-1 and TNF-a modulate the synthe¬ 
sis of metauoprotebases by both chondrocytes 22,106 and 
synovial cells 21,12 ' and are important mediators in joint 
disease. IL-1 and TNF-nr may be produced by synovial 
cells 22 and may therefore be of importance in the deleter¬ 
ious effects of synovitis on articular cartilage. The nor¬ 
mal turnover of the extracellular matrix of the articular 
cartilage is considered to be regulated by chondrocytes 
under the control and influence of cytokines and me¬ 
chanical stimuli. ' Articular cartilage degradation in as¬ 
sociation with disease represents an exacerbation of 
these normal processes. Accumulation of knowledge in 
this regard began with the initial studies by Fell and 
Jubb 31, 2 of cartilage-synovial interactions using in vitro 
systems. It is widely accepted that cytokines may induce 
proteoglycan depletion in articular cartilage by either in¬ 
creasing the rate of degradation or decreasing synthesis 
in association with the release of proteinases and prosta¬ 
glandins from chondrocytes. 115 Inhibited synthesis 
seems to be more significant than proteoglycan degrada¬ 
tion in studies on the horse, but these experiments have 
been done in vitro with human recombinant IL-1. 8 Re¬ 
cent recognition of the gene sequence for equine IL-1 by 
Howard et al. 46,4 at Colorado State University can, one 
hopes, lead to specific studies with equine tissues as well 
as equine IL-1. It is felt that IL-1 produces its effects by 
binding with an IL-1 receptor on the cell. The presence 
of IL-1 in equine ostcoarthritic joints was first reported 
in 1990 by Morris et al. 76 An equine IL-1-containing 
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extract was produced by May in 1990. hi To think that 
IL-1 acts solely on its own in stimulating metalloprotei¬ 
nase release is probably naive. Work is limited in the 
horse. However, Todhunter showed in an in vitro expert 
ment with canine articular cartilage explants that neither 
metalloproteinase activity nor proteoglycan degradation 
were inducible in canine cartilage explants treated with 
recombinant IL.-1 a. However, proteoglycan synthesis 
was significantly decreased by 10 and 100 ng of rhlL- 
I tt/mL. Metalloproteinase activity in the medium accom¬ 
panied proteoglycan degradation of cartilage treated 
with lipopolysacchandc and monocyte-conditioned me¬ 
dium. The metalloproteinase released into the medium 
was identified as prostromelysin by Western blotting. 1,4a 

In addition to 11.-1 being detected with in situ hj bridi- 
zation in osteoarthritic cartilage in humans, ir has re¬ 
cently been shown that TNF-rr does indeed act on carti¬ 
lage but only at specific sites where chondrocyte TNF- 
a receptor expression is high, It is therefore considered 
that focal loss of cartilage will occur at sites where chon¬ 
drocyte P55 TNF-R expression is high and sufficient 
TNF-o is present. It has been suggested rhar this may 
explain the focal nature of cartilage loss in some in¬ 
stances of OA. 12 ’ There is evidence that while TNF-« is 
important in joint swelling, a direct role in tissue destruc¬ 
tion is unlikely. 11 ** On the other hand, II.-1 is not a 
dominant cytokine in early joint swelling but has a piv¬ 
otal role in evasive cartilage damage. 

Neuropeptides 

It has been pointed out that in addition to its impor¬ 
tance in the morbidity (pain sensation) of OA, the ner¬ 
vous system has a potential role in the pathogenesis of 
the disease. 1 The activation of articular nerves not onlv 

4 

provides sensory perception of pain but also results in 
the release of neurotransmitters that have inflammatory 
potential. There is evidence that the peripherally released 
transmitters have deleterious effects on synovial and car¬ 
tilage celt metabolism, contributing to cartilage marrix 
depletion. F.xposure of monocytes to substance P and 
other neuropeptides causes the release of the cytokines 
II.-1, II.-6, and TNF. >H F leva ted synovial fluid concen¬ 
trations of substance P and other peptides have been ob¬ 
served in humans w ith joint disease.' " Substance P levels 
are also elevared in horses with arthropathies. 12 Sub¬ 
stance P is not the only peptide found in nerves; others 
include the peripheral peptides VIP, MFT-enkephalin, 
and somatostatin. 88 

Fibronectin 

The fibronectin content of osteoarthritic cartilage is 
considerably higher than that of normal cartilage, but 
the significance of this or the role of fibronectin in the 
pathologic process has been controversial ,<l * 71 It has 
been suggested that the appearance of fibronectin in dis¬ 
eased cartilage marrix may be a feature of the chondro¬ 
cyte’s repair response to the loss of extracellular matrix 
and that fibronecrin may interact with proteoglycan. 71 
Further, fibronectin functions as a cellular adherence fac¬ 
tor (it is a major cell surface glycoprotein) and is closely 
associated with the collagen of the extracellular marrix 
as well as proteoglycans. 1 


Chondrocytes can be a source of some cartilage fibro¬ 
nectin, but plasma or synovial fluid may also be a 
source.* Fibronectin in synovial fluid from osteoarthritic 
joints is derived from several sources, including synovio¬ 
cytes, plasma, and increased production by degenerated 
articular cartilage.* There is more recent evidence that 
fibronectins may contribute to aggrecan degradation in 
OA and inflammatory joint disease and that the fibro¬ 
nectins mediate their effects through catabolic cyto¬ 
kines. 45 

Mechanical Factors and Subchondral 
Bone Change in the Pathogenesis of 
Articular Cartilage Degradation 

The role of biomechanical factors has been frequently 
discussed in relationship to articular cartilage degenera¬ 
tion. It is well recognized that articular cartilage may 
be subjected to a harsh loading environment.*" Local 
intensity of loading is generally defined by mechanical 
stress (the forcc/unit area acting on the tissue). The mea¬ 
surement of stress in physiologic situations is not yet 
possible, and therefore much of the information in vivo 
is speculative. Some authors suggest that the mechanical 
factors to which articular cartilage is normally exposed 
in vivo are insufficient to destroy tissue directly but that 
when the chemical integrity of the matrix is compro¬ 
mised biochemically, direct mechanical damage becomes 
possible. 28 However, other authors propose that sub- 
fracture impact loads can generate shear stresses that 
break collagenous cross-links. This substructural dam¬ 
age in turn precedes chondrocyte enzyme production or 
entry of catabolic enzymes into the matrix. 1 In an exper¬ 
iment on acute transarticular load in the canine patcllo- 
femoral joint, it was shown that fractures in the zone of 
calcified cartilage-bone interface with no visible abnor¬ 
malities of the articular cartilage. India ink staining re¬ 
vealed superficial damage in the articular cartilage. The 
authors felt that their experimental model may also 
simulate the situation with severe ligamentous disrup¬ 
tion, in rhar unrecognized subchondral fractures or frac¬ 
tures in the calcified cartilage may be a common feature 
of musculoskeletal trauma and a major cause of subse¬ 
quent osteoarthrosis. 1 ' ** In most situations, mechanical 
forces arc considered more likely to destroy cartilage in¬ 
directly through insult to the subchondral bone, synovial 
membrane, or chondrocytes. Also, w'hile excessive forces 
may lead to articular cartilage loss, removal of all me¬ 
chanical stimulation leads rn atrophy. Normal cartilage 
structure and function is maintained by some intermedi¬ 
ate level and frequency of loading. 28 

W ; hen considering possible pathways for mechanical 
destruction of articular cartilage, an early concept was 
that early subchondral bone sclerosis causes a reduction 
in the joint's shock-absorbing capability and thereby 
places cartilage at risk of shear-induced tensile failure of 
cartilage cross-links, particularly under repetitive impul¬ 
sive loading conditions.* 4 ** 5 Recent work in our labora¬ 
tory has demonstrated that when horses arc subjected to 
athletic exercise on the treadmill, microdamage in the 
subchondral bone can develop. In looking retrospec¬ 
tively at racehorses, the range of microdamage includes 
not only microfractures but also primary osteocyte 


Copyrighted material 



474 Adams' Lameness in Horses 


death. It is felt that not only is mechanical support of 
the articular cartilage lost when subchondral bone mi¬ 
crodamage progresses to macrodamage but also poten¬ 
tially cytokine release from the bone can influence the 
state ot the articular cartilage.' 4 * We feel that subchon¬ 
dral bone is very important in the development of a num¬ 
ber of articular lesions but it is a lot more complicated 
than simply being secondary to subchondral stiffness. 

Others have challenged the relationship between sub¬ 
chondral stiffness and L)A. There is no change in mineral 
content with impact loading/ 1 ' It has also been sug¬ 
gested that abnormal bony trabeculae cannot fully ex¬ 
plain cartilage microfracturing. 1 ”'* Cyclic loading re¬ 
sults primarily in deformation of bone. 1 ” The effect of 
cyclic loading on cartilage metabolism also needs to be 
appreciated. Certain regimens will suppress proteogly¬ 
can synthesis, whereas others will stimulate it/ 5,120 Re¬ 
petitive cycle loading such as occurs in human runners 
is nor a factor in the pathogenesis of OA/' However, 
there are risk factors in such a group, including prior 
trauma leading to an internal knee derangement, in¬ 
creased varus angulation of the knees, and long duration 
of running. 64 It is felt that the fit, physically active indi¬ 
vidual may be better able to tolerate joint loads as a 
result of increased muscle tone and possible effects of 
physical activity on joint nutrition. 59 Forces to joints are 
dissipated by muscles, soft tissues, ligaments, and bones. 
Removal of the meniscus or disruption of ligamentous 
support leads to OA, and this is presumably associated 
with biomechanical alterations in the joint. 50,55,?9 ** 9 

The relationship between a single episode of major 
trauma to a joint and subsequent osteoarthrittc change 
is uncertain. Although a single major impact can cause 
articular cartilage damage, it has been stated that the 
histologic features often resemble chondromalacia and 
thus may be nonprogressivc. 1 We need to be careful, 
particularly in the horse, in distinguishing an acute carti¬ 
lage injury from the development of osteoarthritk le¬ 
sions. 

The concept of OA as an exaggerated process of re¬ 
modeling of the articular ends of the bone was first sug¬ 
gested by Johnson. 1,4 He suggested advancement of the 
tide mark and thickening of the calcified bed in OA, 
with consequent decrease in the thickness of noncalcificd 
cartilage. Other authors support this concept. 4 114 In 
addition to the recognized processes of articular cartilage 
degeneration (chondrocyte necrosis, atrophy, fibrilla¬ 
tion, and detachment), cartilage is also altered and lost 
by advancing endochondral ossification manifested by 
reduplication of the tide mark and focal vascular resorp¬ 
tion and ossification of the calcified layer. These changes 
in the osteochondral junction in adult life are considered 
strong evidence of ongoing remodeling. ’ ’ 1 ' Movement of 
the zone of calcified cartilage toward the articular sur¬ 
face would cause a decrease in cartilage height, and such 
a decrease could lead to alterations in the distribution 
of stresses in both cartilage and subchondral bone. s4 tl 
Sokoloff proposed three distinct compartments (articu¬ 
lar cartilage, osteochondral junction, and adjacent bone 
and capsular attachments) as an interrelating system that 
mediates and adapts to mechanical stress. 1 ”'’ There is 
evidence that the shape of joints changes throughout life, 
even in the apparent absence of gross OA/ 4 Itic change 
in distribution of load to formerly unloaded cartilage 


may be an important factor in degeneration of the joint 
surface. 1011 There is also proliferation of ostcoarricular 
tissue in the capsular attachments and subchondral bone 
marrow. Marginal osteophytosis is a variable, age-re¬ 
lated phenomenon in nonosteoarthritic joints. Increased 
congruency of joints is also considered to affect the nutri¬ 
tion of articular cartilage. 

Morphologic and Biochemical Reaction of 
Articular Cartilage to Insult 

As discussed above, trauma can cause an immediate 
physical defect or initiate a degenerative or degradativc 
process. Degradation of articular cartilage is manifested 
in a sequence of morphologic changes including chon¬ 
dromalacia or softening, fibrillation (superficial or 
deep), and erosion (see also the section on osteoarthritis 
below in this chapter). It has now been well recognized 
(and the processes reviewed above) that major biochemi¬ 
cal changes take place and may indeed precede morpho¬ 
logic defects. 52,1 ' Some of these processes are outlined 
in Figures 7.8 and 7.9. The varying degrees in different 
situations, synovial inflammation (synovitis), release of 
degradativc mediators within the articular cartilage, and/ 
or mechanical and cytokine-related factors from the sub¬ 
chondral bone can contribute to this degradation (see 
also section on osteoarthritis below). 

Formation of Osteophytes and 
Enthesiophytes 

In addition to the central process of articular cartilage 
breakdown in OA, a second pathologic process charac¬ 
terized by proliferation of new cartilage and bone at the 
periphery of joints (osteophytosis) occurs. These spurs 
are usually called osteophytes, but the term “osteochon- 
drophytes M may be more accurate. 11 Osteophyte forma¬ 
tion is commonly considered a characteristic component 
and a secondary consequence of OA, but this concept is 
to be questioned. 20,61,7 '' 

Using the canine cranial cruciate desmotomy model, 
Marshall demonstrated that osteophyte formation 
started early after surgery and could not be related to any 
major articular cartilage damage or subchondral bone 
change. 61 He also documented that the first sign of an 
osteophyte was the appearance of fibrous tissue outside 
the bone and that this tissue then underwent chondroid 
metamorphosis and endochondral ossification. Using a 
filipin induced equine model, this author demonstrated 
osteophyte formation unrelated to significant cartilage 
damage, and formation followed the same sequence of 
fibrous tissue, then cartilage and bone. This connective 
tissue response at the junction of the synovial membrane, 
cartilage perichondrium, and periosteum is characteris¬ 
tic of a marginal osteophyte (there arc also central osteo¬ 
phytes in the interior of the joint). Osteophytes need to 
be distinguished from enthesiophytes, which are bone 
proliferations at ligament, tendon, or joint capsule inser¬ 
tions into bone. In situations in which osteophytes arc 
consistently associated with structural articular cartilage 
change and parallel them, it would seem appropriate to 
consider osteophytes a significant lesion of OA. 7 * 
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Causes proposed for osteophytes include aging,*' 1 me¬ 
chanical instability^ 1 ’* 1 proliferative responses second¬ 
ary to synovitis, 1 '’™ and tissue responses to stretching 
of the synovial membrane at its insertion 4 or forces of 
any soft tissue attachments in the area of the transition 
zone. * The concept that osteophytes develop as a sec¬ 
ondary response to stabilize an osteoarthritic knee or 
increase available joint surface area is an old one. It is 
only relatively recently that it was shown marginal osteo- 
hytes stabilize the varus—valgus motion of the knee in 
umans with knee OA/ 1 The authors of this study felt 
that the osteophytes might increase stability by pressing 
directly against slackened collateral ligaments, thus re¬ 
ducing ligamentous pseudolaxity. They also felt that 
such osteophytes should not be surgically removed, to 
prevent even greater instability. 

Work with an equine model demonstrates that osteo¬ 
phytes and enrhestophytes can result from chemical syn¬ 
ovitis and capsulitis and in the absence of instability (Fig. 
7.10}. Osteophytes and enrhesiophytes are seen in the 
horse without articular cartilage damage (defined ar- 
throscopically) and also in the absence (in some in¬ 
stances} of clinical significance. Their removal is cer¬ 
tainly inappropriate. 

Knthesiophvtes have been recognized as a conse¬ 
quence of aging in humans/ They are also seen in associ¬ 
ation with instability or without instability in horses. 
Remodeling and smooth margins to enthesiophytes gen¬ 
erally indicate that the enthesiophyte is a sign of previous 
insult but of doubtful clinical significance. 







Figure 7.10 Fibrocartilaginous repair typical of the healing 
achieved with fult-thickness articular defect in the horse 


Articular Cartilage Repair 

Healing refers to restoration of the structural integrity 
and function of the tissue after injury or disease, but 
repair usually has a more restricted meaning. 8 Repair 
refers to the replacement of damaged or lost cells and 
matrix with new cells and matrix, a process that does 
not necessarily restore the original structure or function 
of a tissue. Regeneration may be considered a special 
form of repair in which the cells replace lost or damaged 
tissue with a tissue identical to the original tissue. It has 
been suggested that w ith the exception of bone fractures, 
most injuries and diseases of the musculoskeletal tissues 
do not stimulate regeneration of the original tissue. 8 The 
limited potential of articular cartilage for regeneration 
and healing has been appreciated for over two centuries. 
In 174.T Hunter stated “From Hippocrates to the present 
age, it is universally allowed that ulcerated cartilage is a 
troublesome thing and that when once destroyed it is 
not repaired.“ 4 * There is a limited response of cartilage 
to tissue damage and an inability of natural repair re¬ 
sponses from adjacent tissues to produce tissue with the 
morphologic, biochemical, and biomechanical proper¬ 
ries of articular cartilage. 

The major limiting tactor in the successful rehabilita¬ 
tion of any joint after injury- or disease is the failure of 
osteochondral defects to heal, 69 Three mechanisms have 
been recognized as possible contributors to articular car¬ 
tilage repair. Intrinsic repair (from within the cartilage) 
relies on the limited mitotic capability of the chondrocyte 
and a somewhat ineffective increase in collagen and pro¬ 
teoglycan production. Extrinsic repair comes from mes¬ 
enchymal elements from the subchondral bone partici¬ 
pating in the formation of new connective tissue that 
may undergo some metaplastic change to form cartilage 
elements. The third phenomenon, known as “matrix 
flow” may contribute to equine articular cartilage repair 
by forming lips of cartilage from the perimeter of the 
lesion that migrate toward the center of the de¬ 
fect/* 51 *" 2 

The depth of the injury (full or partial thickness}, size 
of defect, location and relation to weight-bearing or non- 
weight-bearing areas, and the age of the animal influence 
the repair and remodeling of an injured joint sur¬ 
face/ 1 18,72 

With a partial-thickness defect, some repair occurs 
with increased GAG synthesis and increased collagen 
synthesis. 1 However, the repair process is never com¬ 
pletely effective. In humans, complete repair of chondro¬ 
malacia of the patella has been reported to occur if metri¬ 
cal depletion and surface breakdown are minimal/ 
However, more recent work with arthroscopic debride¬ 
ment of partial-thickness defects in humans would ques¬ 
tion any actual regeneration , 105 Also, superficial defects 
are not necessarily progressive and do not necessarily 
compromise joint function. 

With full-thickness defects, the response from the ad¬ 
jacent articular cartilage varies little from that after su¬ 
perficial lesions and provides only limited repair neces¬ 
sary to replace dead cells and damaged matrix at the 
margins of the wound. These defects heal by ingrowth of 
subchondral fibrous tissue that may or may not undergo 
metaplasia to fibrocartilage (Fig. 7.10). ,41 * fl>0,, ** 1,s 
Subchondral bone defects either heal with bone that 
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grows up into the defect or fill in with fibrocartilaginous 
ingrowth. 11K Duplication of the tide mark in the calcified 
cartilage layer is rare, and adherence of the repair tissue 
to surrounding noninjurcd cartilage is often incom¬ 
plete. 41,60 

A number of equine studies demonstrate that the size 
and location of articular defects have a significant effect 
on the degree of healing achieved. Convery et al. first 
reported that large defects were less likely to heal. 1 ' 1 A 
more recent study distinguished between large (15 mm 1 ) 
and small (5 mm 2 ) full-thickness lesions in weight-bear¬ 
ing and non-weight-bearing areas of the antebrachiocar- 
pal {radiocarpal), middle carpal (intcrcarpal), and fem- 
oropatellar joints. " 1 At 1 month, small defects were filled 
with poorly organized fibrovascular repair tissue; by 4 
months, repair was limited to an increase in the amount 
of organization of this fibrous tissue, and by 5 months, 
small radiocarpal and femoropatellar lesions were 
hardly detectable because of combinations of matrix 
flow and extrinsic repair mechanisms (see Fig. 7.9). 
Large lesions showed good initial repair, but at 5 
months, perilesional and mtralesional subchondral clefts 
developed. 

The repair tissue that forms after full-thickness injury 
to hyaline cartilage or as a natural repair process in joints 
with DJD is primarily composed of type 1 rather than 
type II collagen, at least at 4 months. 1 1 Identification 
of type 0 collagen is the critical biochemical factor distin¬ 
guishing hyaline cartilage from repair fibrous tissue and 
tibrocartilage. It is felt that the presence of an abnormal 
subchondral bone plate and the absence of a tide mark 
reforming may create a stiffness gradient and that shear 
stresses of the junction of the repair tissue and underlying 
bone develop. The propagation of such shear stresses 
would lead to the degradation of repair fibrocartilage 
and exposure of the bone. This mechanical failure has 
been observed experimentally and clinically in the 
horse. 51 - 71 

Recently, the author’s laboratory analyzed tissue 12 
months after creation of full-thickness articular cartilage 
defects in a weight-bearing area. 48 In a study looking at 
the long-term effectiveness of sternal cartilage grafting, 
the repair tissue in the nongrafted defects at 12 months 
consisted of fibrocartilaginous tissue with fibrous tissue 
in the surface layers, as was seen in control defects at 4 
months (see Fig 7.10). However, on biochemical analy¬ 
sis, the repair tissue of the nongrafted defects had a mean 
type II collagen percentage of 79%, compared w ith being 
nondetectable at 4 months. 11 On the other hand, the 
GAG content expressed as milligrams of total hexosam- 
me per gram of dried tissue was 20.6 ± 1.85 mg/g, com¬ 
pared with 26.4 ± 3.1 mg/g at 4 months and 41,8 ± 
4.3 mg/g DW in normal equine articular cartilage. 48117 

The fibrocartilaginous repair seen in normal full- 
thickness defects is therefore biomechanicalIv unsuitable 

9 

as a replacement bearing surface and has been shown to 
undergo mechanical failure with use. The lack of dura¬ 
bility may be related to faulty biochemical composition 
of the old matrix and incomplete remodeling of the inter¬ 
face between old and repaired cartilage or to increased 
stress in the regenerated cartilage because of abnormal 
remodeling of the subchondral bone plate and calcified 
cartilage layer. Although recent work implies that it may 
be possible to reconstitute the normal collagen type in 


equine articular cartilage, 48 clearly there is continued de¬ 
terioration of GAG content, and these are important 
components in the overall composition of the cartilage 
matrix. 

The presence of a cartilage defect may not represent 
clinical compromise. In the equine carpus, loss of up to 
30% of articular surface of an individual bone may not 
compromise the successful return of a horse to racing. 1 
However, loss of 50% of the articular surface or severe 
loss of subchondral bone leads to a significantly worse 
prognosis. 

The inadequate healing response may not necessarily 
apply to immature animals or to non-weight-bcaring de¬ 
fects. An example is the young horse after surgery for 
osteochondritis dissecans (OCD) who show's impressive 
healing responses or at least functional responses. This 
may be related to increased chondrocytic capacity for 
mitosis and matrix synthesis and the presence of infra- 
cartilaginous vascularity. Complete restoration of the ul¬ 
trastructure and surface configuration in a hingelike glid¬ 
ing joint surface such as the femoropatellar joint may be 
unnecessary for clinical soundness, compared with the 
more severe loading on an osteochondral defect located 
on the weight-bearing portion of the medial condyle of 
the femur or the midcarpal joint. It has been suggested 
that increasing age may affect the response of cartilage 
to injury in humans because the ability of the chondro¬ 
cytes to synthesize and assemble matrix micromolecules 
could decline with age/ Buck waiter cites a study of 
transplanted chondnx'ytcs, suggesting that older chon¬ 
drocytes produce a more poorly organized matrix than 
do younger chondrocytes/ and other studies demon¬ 
strate that the proteogfyean synthesized by the chondro¬ 
cytes changes with age/ 4 *** 

Methods used to attempt manipulation of this healing 
response have been extensively reviewed elsewhere. " 
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DIAGNOSIS OF JOINT DISEASE 

Disease changes in a joint can be defected and evalu¬ 
ated in a number of ways. These include clinical exami¬ 
nation to detect pain and gross morphologic change, 
thermography, radiographic examination, storage phos- 
phorimaging digital (computed) radiography, computed 
tomography (CT), magnetic resonance imaging (MRI), 
nuclear imaging, ultrasonography, synovial fluid analy¬ 
sis, and arthroscopy. Prior to evaluating specific joints, 
a general lameness examination is indicated to localize 
the problem. 

Clinical Examination 

There are a number of physical signs of joint disease 
that may be present singly or in various combinations. 
These signs include 

1. Changes in temperature or color of the overlying 
skin. Interpretations based on manual palpation are 
somewhat subjective and variable. Thermography 
is a more objective means of assessing temperature 
change, and techniques have been developed. 

2. joint swelling or enlargement, which may be due to a 
number of events, including synovial fluid effusion, 
synovial membrane and fibrous capsule thickening 
(which could be related to edema or fibrosis), swell¬ 
ing of the periarticular tissues, or bony enlargement. 
The specific nature of this swelling w ill depend on 
the stage of the disease (acute or chronic). 

3. Tenderness (localized or diffuse). Because of differ¬ 
ences between individual animals and their reaction 
to palpation, care should be exercised in evaluating 
this parameter when the changes are subtle. Error 
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is avoided by comparing the reaction with that of 
the contralateral normal joint. 

4. Pain on flexion. Some caution should be exercised 
here. Normal horses may demonstrate a positive re¬ 
sponse to a forelimb flexion test, and the response 
varies directly with the pressure applied to the limb. 
A positive reaction is a noteworthy sign when there 
is joint disease. However, one author has proposed 
caution in relying on a flexion test to diagnose sub- 
clinical lameness or predict future problems. 16 The 
results of a flexion test should always be compared 
with the response in the contralateral limb. An asym¬ 
metric flexion test response is usually meaningful. 

5. Crepitation w ith motion. Again the clinician should 
be aware of the crepitation that occurs in normal 
joints, such as that occurring in the fetlock. 

6. Limited motion. This may be due to pain, joint effu¬ 
sion, spasm, contracture of periarticular structures, 
or fibrous or bony ankylosis. 

7. Deformities from gross joint destruction or injury- 
producing subluxation or luxation of the articulat¬ 
ing bones. 

In some joint conditions, localizing the problem to a par¬ 
ticular joint may be difficult. Flexion tests may be useful 
in these situations to accentuate the lameness. The site 
of soreness within a particular limb is best defined by 
the use of nerve blocks and intrasynovial analgesia. More 
details are available in this text (see Chapter 3), and clini¬ 
cal assessment of joint disease has been recently re- 

i 4? 7 

viewed* 

Radiographic Examination 

The radiologic manifestations of joint disease gener¬ 
ally reflect the osseous pathologic changes of these condi¬ 
tions. In many instances, radiographic examination will 
enable a specific diagnosis to be made when the clinical 
manifestations are nonspecific. Such conditions include 
intraarticular fractures, OCD, and subchondral cystic le¬ 
sions. Other conditions such as OA and infective arthritis 
will have typical radiographic changes later in the course 
of the disease, but changes are often absent in the early 
stages. Radiologic signs of OA include a narrow joint 
space, widened joint space (when there is destruction of 
the subchondral bone plate), periarticular osteophytes 
(which do not alw r ays indicate articular cartilage dam¬ 
age), and soft tissue swelling. 17 * 15 

In disease states in which osseous lesions have not yet 
developed, radiography may still provide some informa¬ 
tion. Thickening of the subcutaneous and capsular tis¬ 
sues and synovial effusion can be observed radiographi¬ 
cally. In the carpal joint, the adipose tissue layer outside 
the fibrous joint capsule can be used to determine 
whether the swelling is primarily due to joinr effusion 
or is localized to the soft tissues by looking for displace¬ 
ment of the adipose tissue layer. Similarly, a loss of fat 
density (relative radioluccncy) at the cranial aspect of the 
fcmoropatellar joint (present in normal joints because of 
the patellar fat pad) indicates effusion or inflammation 
within this joint. The effusion of an early septic arthritis 
of the coffin joint, for instance, may suffice to cause dis¬ 
placement of the bony ends. However, the radiographic 
signs of acute traumatic arthritis and septic arthritis may 


he indistinguishable, and here the clinician needs to rely 
on synovial fluid analysis for a differential diagnosis. Per¬ 
iarticular edema can totally obscure a joint effusion. 
Such details have recently been reviewed elsewhere. 11 

The radiographic manifestations of OCD, subchon¬ 
dral cystic lesions, and DJD have been well described 
and will be detailed when the conditions are discussed 
specifically. These diseases are generally diagnosed by 
use of plain radiographs. However, double-contrast 
arthrography can be used in some instances to demon¬ 
strate the presence of cartilaginous flaps in OCD. 2 * Con¬ 
trast arthrography is used less than before. Its use to 
diagnose villonodular synovitis has been replaced by ul¬ 
trasonography. It has limited use for the demonstration 
of cartilaginous erosion. 44 Contrast arthrography in the 
shoulder has been described as still useful in cases of 
osteochondrosis and OCD to allow* better evaluation of 
cartilage attachment in subchondral bone, berter evalua¬ 
tion of the length and depth of cartilage lesions, and 
more accurate definition of the site and shape of osteo¬ 
cartilaginous free bodies. 11 Most cases of OCD in which 
the cartilage was firmly adherent were not candidates 
for surgical debridement and carried a favorable prog¬ 
nosis. On the other hand, the determination of a free 
flap by arthrography indicated the need for surgery. Ex¬ 
tensive humeral and glenoid cavity lesions were better 
defined by arthrography, allowing a rational decision 
between surgical debridement or euthanasia. It was also 
felt that arthrography defined the size and patency of 
the communicating canal to a subchondral cystic defect 
better and separated cases with long, narrow, and poorly 
patent canals for conservative rather than surgical ther¬ 
apy. For more information on diagnostic radiography 
sec Chapter 4. 

Storage Phosphorimaging Digital 
(Computedl Radiography 

Computed radiography is an imaging modality that 
produces a radiographic image from digital informa¬ 
tion. 11 Storage phosphorimaging plates made of euro¬ 
pium-doped barium fluorohaTide are used to record the 
image, somewhat analogously to a traditional film- 
screen system. The absorbed energy from the x-ray beam 
is stored on the plates, and the plates are then placed in 
a laser reader. The emitted energy released from the plate 
is detected and digitized, and the digitized information 
can be viewed on a monitor. The density and latitude 
can be adjusted to print a hard copy radiograph. The 
disadvantages of computerized radiography include the 
high cost and the technical complexity, but one hopes 
that these disadvantages will be lessened in the future. 
The advantages are that a single exposure can provide 
more than one image, and tne digital signal can be 
changed to improve the definition of structure and com¬ 
pensate for over- or underexposure. The image can he 
edge enhanced to accentuate lesions such as stress frac¬ 
tures. This modality offers an alternative to xeroradiog¬ 
raphy, which has become almost unavailable. 

Imaging 

Computed Tomography (CT) 

CT can he useful, particularly in conjunction with ra¬ 
diographic studies. CT is excelfent for defining unusual 
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fractures (particularly ones that arc not visualized on 
radiographs), stress-induced subchondral hone sclerosis, 
and other subchondral bone lesions such as cysts or sub¬ 
tle defects. Osteoabsorptiomerry has been used experi¬ 
mentally in our laboratory to define the degree of devel¬ 
opment of subchondral bone sclerosis in exercising 
horses. 4 For more information see Chapter 4. 


Magnetic Resonance Imaging (MRI) 

MRI images are sectional images similar to CT im¬ 
ages. These images provide very good soft tissue and 
tmraartkular detail and information that presently is 
only available using arthroscopy. There has been limited 
ability to do MRI examinations on equine limbs without 
detaching the legs, but some studies have recently been 
done in live horses at Washington State University, If 
appropriate technology (at an appropriate cost) can be 
developed, it could be a very useful technique for further 
defining joint disease clinically. 

Nuclear Imaging 

In nuclear imaging, the image is produced by gamma 
rays originating from an injected radionuclide. Distribu¬ 
tion of the radiopharmaceutical is predictable in normal 
horses hut is increased in areas with higher blood flow 
and/or increased osteoblastic activity. u The distribution 
pattern is affected by various disease processes, and 
changes may precede radiographic changes. The tech¬ 
nique is therefore useful to localize problems to joints in 
some situations. Only the bone phase has achieved rou¬ 
tine use in the diagnosis of joint disease. Increased uptake 
by or near joints has been related to OA as well as enthes- 
itis, subchondral bone sclerosis, and septic arthritis. 
Tcchnetium-99-labcled methylene vliphosphonate 
(MDP!' is the most commonly used radionuclide. Indica¬ 
tions for scintigraphy include evaluation of horses with 
multiple causes of lameness, evaluation of a horse with 
a painful yet radiographically normal joint, and evalua¬ 
tion of joints that cannot be radiographed with the horse 
standing in a convenient fashion (hip joint and pelvic 
and hack regions). Recent experimental work indicates 
that nuclear imaging will localize early subchondral mi¬ 
crodamage. 4 The author has also found the technique 
useful for indicating localization of a problem in a carpal 
joint and convincing the owner of the need for arthro¬ 
scopic examination. For further details, see Park et al." 

The specificity of scintigraphy is low, and a “hot spot” 
could signify either trauma or osteomyelitis. On the 
other hand, the sensitivity is high.' 4 Image resolution is 
also a lot lower than that of a radiograph. It also appears 
that osteoclastic activity contributes little to bony uptake 
of the radiopharmaceutical, and we have found in re¬ 
search at Colorado Stare University that lytic processes 
usually do not show increased uptake of radionuclide 
(at least in the femoral condyle).'' 

On the other hand, some recent work in humans has 
shown that scintigraphy will predict radiographic 
changes in OA of the hand and knee, confirming that 
subchondral bone activity is a critical factor in the patho¬ 
genesis of this disease. Scintigraphy predicted subsequent 
loss of joint space in patients with established OA of the 


knee. 6 More recently, a study in the metatarsophalangeal 
joint of the Standardised horse confirmed that increased 
uptake on the plantarolatcral aspect of MT-II1 may pre¬ 
cede other stress-related changes and in some horses is 
associated with a continual stress-related subchondral 
bone remodeling that results in lameness and later radio- 
graphic changes. 48 The author of this study concluded 
that horses with advanced scintigraphic findings arc 
more likely to have lameness and radiographic evidence 
of subchondral bone damage. 

The value of scintigraphy in diagnosing nondisolaced 
stress fractures is now well recognized. Some of these 
fractures could potentially involve joints. Sere Chapter 4 
for more information on nuclear imaging. 

Ultrasonography 

Diagnostic ultrasonography has been used routinely 
to evaluate flexor tendons and ligaments. The value of 
th is technique in imaging joints has only been recognized 
more recently.' In addition to imaging collateral and pa¬ 
tellar ligaments, it is possible to image other structures 
within joints. The technique involves careful learning 
and knowledge of anatomy and has been presented in 
derail elsewhere. 1 See Chapter 4 for more details. 

Synovial Fiuid Analysis 

Examination of the synovial fluid should be a routine 
procedure in the evaluation of arthritic conditions, as 
it can provide valuable information in addition to that 
gained by clinical and radiologic examination.: 22 , 2 s . 47 
Conventional analysis will not provide a specific diagno¬ 
sis; however, it docs give an indication of the degree of 
synovitis and metabolic derangement within the joint. It 
is more specific in the diagnosis of infective arthritis, as 
this condition causes the parameters of protein and white 
cel) counts to go beyond a level encountered with other 
inflammatory conditions (see the section on infective ar¬ 
thritis). 

One needs some basic information on synovia! fluid 
to appreciate the changes that occur in joint disease. Sy¬ 
novial fluid is a unique tissue fluid. The distribution of 
electrolytes and most nonclectrolytes between plasma 
and joint fluid is in accord with the Gibbs-Donnan equi¬ 
librium, which indicates that it is mainly a dialysate of 
plasma with hyaluronan added. 2 The intercellular space 
between the synoviocytes in the synovial membrane acts 
as an important permeability harrier in this filtration 
rocess. The source of h\ aluronan is the synovial mem* 
rane. Studies of the molecular structure of hyaluronan 
indicate that it is arranged in a random coil with moder¬ 
ate stiffness. Hyaluronan provides synovial fluid with a 
number of unique properties. It imparts a high viscosity 
to the fluid. It acts as a boundary lubricant for the syno¬ 
vial membrane. There is evidence that the hyaluronan in 
the synovial fluid also influences the further composition 
of the fluid.' Data suggest that steric hindrance by hya¬ 
luronan may obstruct solute passage through the water 
surrounding the molecules. In this concept of excluded 
volume, the size and shape of the molecules presented 
play an important role. Small molecules are allowed 
through, whereas large ones, such as fibrinogen, are ex- 
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eluded. With this concept, the quantity and physical state 
of hyaluronan produced under pathologic conditions 
may well he the primary determinant of the nature of 
the remainder of the contents of the synovial fluid. It has 
also been suggested that the hvaluronate in the perisy- 
novial connective tissue may be of significance in the 
exclusion of certain plasma proteins from the synovial 
fluid. 10 However, the exact mechanism by which perme¬ 
ability changes in disease is not yet well defined. 

Hyaluronan is depolymerized in untreated inflamma¬ 
tory arthritis, n and this has been considered to be the 
basis of reduced viscosity. However, the situation may 
be more complex. There arc data to show that hyaluro¬ 
nan has a heterogeneous structure and may have three 
levels of organization. The viscosity of hyaluronan ap¬ 
parently depends on 1) the length of the polysaccharide 
chain, 2) the conformation of the chain, and 31 interac¬ 
tion between adjacent chains and other molecules. 41 
Therefore, the decrease in viscosity may be due to a 
change in the overall relationship of hyaluronan and 
other molecules in addition to simple depolymerization. 

Normal values for various synovial fluid parameters 
in the horse and their changes in joint disease have been 
documented, }4 ™ These values are quite variable, and 
each laboratory should have its own set of normal val¬ 
ues. Most of the synovial fluid parameters provide an 
indication of the relative amount of synovitis and so fol¬ 
low a spectrum of inflammatory activity within the joint. 
With the exception of infective arthritis, synovial fluid 
analysis does not usually furnish a specific diagnosis. 

Synovial fluid samples arc collected using sterile 
needles and syringes. All sites for arthroccntcsis arc pre¬ 
pared aseptically. A recent study confirmed that clipping 
of hair is not a necessary part of the aseptic protocol , u 
In a study that evaluated skin bacterial flora before and 
after aseptic preparation of clipped and nonclipped 
arthrocentesis sites (midcarpal joint and distal inrerpha- 
langeal joint) in horses, the presence of hair did not ap¬ 
pear to inhibit the ability of antiseptics to reduce bacte¬ 
rial flora to an acceptable level for arthrocentesis. Sites 
for arthrocentesis for various joints are given in Chapter 
3 and also have been recently detailed in another text. 414 
Following aspiration of the fluid into a syringe (Fig. 
7.11), the fluid is transferred to both plain and EDTA 
Vacutainer tubes. Note that excess negative pressure on 



Figure 7.11 Synovial fluid sampling. 


the syringe when attempting to obtain a fluid sample 
may cause iatrogenic hemorrhage. 

The analysis and interpretation of commonly used pa¬ 
rameters are discussed below. Each parameter can pro¬ 
vide an assessment of the degree of inflammation pres¬ 
ent. Defining sharp boundaries for the synovial fluid 
values in each disease entity is to he discouraged. Cases 
of OCD and idiopathic synovitis, for instance, produce 
relatively consistent values; however, the changes in 
traumatic and infective arthritis may have a wide range. 

Appearance 

Appearance is evaluated by visual inspection at the 
time of collection. Normal synovial fluid is pale yellow, 
clear, and free of flocculent debris (Fig. 7.12). Streaks of 
blood in the aspirate indicate hemorrhage occurring with 
needle puncture. Uniformly diffuse hemorrhage repre¬ 
sents an acute traumatic situation, whereas dark yellow 
or pale amber (xanthochromic) samples represent previ¬ 
ous hemorrhage and are most often associated with 
chronic traumatic arthritis. Opacity and flocculent mate¬ 
rial in the sample indicates synovitis. This change is vari¬ 
able and generally minimal in chronic DJD and OCD 
but will be more marked in acute synovitis (traumatic 
or infectious). The intense synovitis associated with in¬ 
fective arthritis results in a serofibrinous to fibrinopuru- 
lent sample (see Fig. 7.12). The synovial fluid from in¬ 
fected joints is often bloody due to hemorrhage from the 
severely pathologic synovial membrane. 

Volume 

The volume of synovial fluid is increased in most cases 
of active synovitis. Synovial fluid volume is decreased in 
some cases of chronic DJD and may manifest as a “dry 
joint.”The presence of a truly dry joint can he corre¬ 
lated with fibrotic synovial membrane, 1 lowever, failure 
to obtain synovial fluid on sampling does not automati¬ 
cally mean that a pathologically dry joint exists. S\ iiovial 
fluid volume is increased in situations of idiopathic syno¬ 
vial effusion such as bog spavin. Volume increases in 
cases of OCD are variable, but a marked synovial effu- 



Figure 7.12 Comparison of normal (left) and abnormal (right) 
synovial fluid samples 
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sion is characteristic of the disease in tarsocrural (tibio- 
tarsal) ioints. Synovial fluid volume is usually increased 
in cases of infective arthritis, but this depends on the 
stage of the disease and the amount of fibrin present in 
the joint. 

Clot Formation 

Normal synovial fluid does not clot. This property is 
attributed to a lack of fibrinogen and other clotring fac¬ 
tors (including prothrombin, factor V, factor VII, and 
tissue thromboplastin). 2 Pathologic synovial fluid clots, 
and the size ot the clot is roughly proportional to the 
degree of synovitis. This property may be ascertained by 
observing the clot tube. Fluid should only be collected 
in a clot rube after sufficient amounts have been collected 
in the EDTA tube, because the ability to clot is a very 
nonspecific parameter. 

Protein 

For convenience, protein concentration is usually 
measured using a refractometer. The differential protein 
fractions in synovial fluid may be evaluated using paper 
electrophoresis following treatment of the sample with 
hyaluronidase, and this has been performed on normal 
equine synovial fluid. 34 For routine synovial fluid exami¬ 
nation, I do not perform protein electrophoresis. 

Synovial fluid protein concentration is approximately 
25 to 35% of the plasma protein concentration of the 
same animal. The normal value for horses has been docu¬ 
mented to be 1.81 ± 0.26 g/dL. 4u Generally, normal 
fluid can be considered to have a protein level of 2 g/dL 
or less. Synovial fluid has a higher albumin level, lower 
a 2 and globulin level, and less haptoglobin and various 
high-molecular-weight proteins than plasma. 34 

Total protein increases with joint inflammation. With 
increasing inflammation the total synovial protein level 
approaches that of plasma, and the levels of various pro¬ 
tein fractions arc comparable to those in serum. The rela¬ 
tive amount of albumin decreases, «>- and y-globulin 
levels increase, and fibrinogen is present. 

Simple estimation of the total protein concentration 
is sufficient for routine analysis. One may be reasonably 
certain that a fluid is not normal when the total protein 
concentration is above 2.5 g/dL; above 4 g/dL indicates 
severe inflammation. Noninfecrive inflammatory condi¬ 
tions generally have concentrations below this level. The 
protein level may rise above 4 g/dL in infective arthritis. 
Remember, protein levels should be compared with nor¬ 
mal values obtained from the same joint on the contralat¬ 
eral limb if the increase is subtle. Significant differences 
in protein levels have been demonstrated between differ¬ 
ent joints in the horse, and significant increases in protein 
levels have been demonstrated in horses in training. 14 

Viscosity 

The viscosity of the synovial fluid is directly related 
to the hyaluronan content, and it is a measure of the 
quantity and quality or degree of polymerization of the 
hyaluronan. 34 Viscosity measurements may he made by 
measuring the relative viscosity (R V) at a specific temper¬ 


ature, using a viscosimeter in which the viscosity of the 
synovial fluid sample is compared to that of distilled 
w r atcr/' Although the measurement of relative viscosity 
has been used to monitor the progression of experimen¬ 
tal synovitis in ponies, 2 ' measurement of RV by an indi¬ 
vidual clinician using the viscosimeter is tedious and is 
not routinely used to evaluate clinical cases. Because the 
viscosity of synovial fluid varies with shear rate, some 
authors have advocated intrinsic viscosity measurement 
as more meaningful. The author does not measure rela¬ 
tive or intrinsic viscosity routinely. 

For practical use in the field, a simple estimate of vis¬ 
cosity can be made by watching the fluid drop from the 
end of the syringe. With normal fluid, the drops usually 
string out as much as 5 to 7 cm before separating. If 
the fluid drops from the syringe with the ease of water, 
viscosity is low. Another test is to place a drop of syno¬ 
vial fluid on the rhumb and then touch it with the index 
finger. Separating the fingers then produces a string 2.5 
to 5 cm long before breaking if viscosity is normal (Fig. 
7.13). Less stringing occurs with lower viscosity, and 
fluid from an infected joint will not string. These meth¬ 
ods are, of course, subjective and are only useful to detect 
gross changes. However, because the correlation of vis¬ 
cosity and inflammation is not absolute, these techniques 
suffice, and precise quantitation is inappropriate. A 
method of measuring relative viscosity using a white 
blood cell (WBC) diluting pipette has been developed. 11 
The technique is rapid and reproducible with 2% accu¬ 
racy. It could be of potential value in monitoring horses 
with clinical cases of arthritis and their response to ther¬ 
apy. 1 simply do a gross evaluation of viscosity. 

A clinician must not place too much significance on 
viscosity findings. This parameter dws not give a com¬ 
plete picture of the rheologic behavior of synovial fluid 3V 
and should not be considered a direct quantitative or 
qualitative estimate of the hyaluronan content. I have 
also noted that some fluid samples from joints with only 
mild changes had markedly decreased viscosity, A low r 
viscosity indicates that inflammation is present, but the 
clinician should not interpret too far beyond this. 



Figure 7.13 Measurement ot viscosity ot synovial fluid with the 
fingers. 
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Mucinous Precipitate Quality 

Mucinous precipitate quality (MPQ) is evaluated by 
adding 0.5 mL of synovial fluid to 2 mL of 2% acetic 
acid and mixing it rapidly with a glass rod. The precipi¬ 
tate formed (mucin clot) appears to be a salt of anionic 
hyalurunate and protein made cationic by acidification. 1 
When the mucin clot is normal, a tight ropey mass forms 
in a clear solution, and this conventionally is called a 
“good” mucin. A softer mass with some shreds in solu¬ 
tion constitutes a "fair” mucin, and a "poor” result 
shows shreds and small soft masses in a turbid solution. 
Fluids that produce only a few clump flecks of mucin 
suspended in a cloudy solution are classified “very 
poor.” In general, the more inflamed the joint, the worse 
the mucin clot. Typically a good-to-fair mucin clot is 
associated with traumatic and degenerative arthritic con¬ 
ditions, whereas infected joints have very poor mucin 
tests (due to bacterial enzymes degrading mucin), How¬ 
ever, the correlation is a loose one, as poor mucin clots 
have been observed in the presence of only mild inflam¬ 
mation/ 2 


Cytologic Examination 

Cells are best preserved when collected in EDTA 
vials/" Total WBC counts may be performed on synovial 
fluid with hemocytonieters. One must use a physiologic 
saline diluent and not the usual white cell diluent con¬ 
taining acetic acid, for the latter precipitates the hyaluro- 
nate-protein complex. Red blood cells may be preferen¬ 
tially lysed by hypotonic saline. Smears for differential 
cell counts are made in the standard way for peripheral 
blood smears with minor modifications. If the white cell 
count is elevated, the smear is made directly from the 
synovial fluid. Otherwise, the sample should be centri¬ 
fuged and the sediment resuspended in 0.5 ml. of super¬ 
natant after which a smear is made. The smears arc air 
dried and stained with Wrtghfs stain or new methylene 
blue. 

Erythrocytes arc not considered normal constituents 
of synovial fluid. Their presence in small numbers is usu¬ 
ally attributed to contamination of the sample at the time 
of arthroccntesis. The erythrocyte count may vary 
greatly and depends on the amount of contamination 
during arthroccntesis. Hyperemia in an inflamed syno¬ 
vial membrane will increase the tendency for bleeding. 
Because of this marked variation, the red cell count does 
not usually offer useful information. 

The white cell count of normal equine synovial fluid 
has been reported by different workers to be 167 £ 21 
and 87 cell s/mm \ respectively/ 4 * 50 Neutrophils, lym¬ 
phocytes, and large mononuclear cells are observed, but 
the percentage of neutrophils is generally less than 10%. 
Quantitative and qualitative changes m the leukocytes 
can indicate the magnitude of synovial membrane in¬ 
flammation. Because of the wide range observed in some 
diseases, one should be cautious about grouping types of 
effusion and matching them to disease. However, some 
generalizations are appropriate. 

Idiopathic synovitis (bog spavin) and OCD generally 
have wnire cell counts below 1000 cells/mm 3 . Although 
these situations have been classified as noninflammatory 
effusions, histologic examination of the synovial mem¬ 


brane in cases of OCD at least have revealed inflamma¬ 
tory changes. 

In traumatic arthritis and OA, the cell count may vary 
tremendously depending upon the amount of active syn¬ 
ovitis present. The cell counts for human patients with 
DJD arc typically low. Synovitis seems to be a more 
prominent feature of equine D| D. Consequently, counts 
of 5,000 to 10,000 cells/mm 4 may be encountered. In 
severe inflammatory effusions the proportion of neutro¬ 
phils is usually increased. 

Cases of infective arthritis have the highest white cell 
counts. In general, cell counts over 50,000/mm 1 indicate 
infecrion, and counts over 100,000 arc virtually pathog¬ 
nomonic. Published figures for cases of infective arthriris 
are 105,775 ± 25,525 (59,250 to 178,0001/° Neutro¬ 
phils are the predominant cells. One may observe toxic 
change in the neutrophils, but commonly they appear 
healthy. Bacteria are not commonly seen on smear exam¬ 
ination. 

Synovial fluid samples that have cytologic changes 
typical of infective arthritis will commonly yield negative 
cultures. Factors involved in this are felt to be the pres¬ 
ence of antibiotics, sequestration of the bacteria in the 
synovial membrane, and the normal bactericidal quality 
of synovial fluid/ Treatment of an infected joint is an 
emergency, and cytologic examination of synovial fluid 
is useful for a rapid diagnosis. In instances in which only 
a drop or two of synovial fluid are available, a simple 
smear examination will often provide useful informa¬ 
tion. In some cases there may be an indication for more 
than a simple bactcriologic examination. Both CMa - 
mydia and Mycoplasma spp. have been associated with 
polyarthriric conditions in foals. 1V ”' 

Gas-liquid chromatography has been useful in pro¬ 
viding a specific etiologic diagnosis in septic arthritis. 
Preliminary work in the horse has identified fatty acid 
peaks specific for certain bacteria, but this technique has 
not achieved routine use/** 

It should be noted that a “gray” zone exists between 
traumatic arthritis with a high white cell count and infec¬ 
tive arthritis with a low white cell count. White cell 
counts of up to 50,000 have been recorded in cases of 
traumatic arthritis in humans, but these cases have been 
differentiated from infectious arthritis by the presence 
of fat droplets in the synovial fluid/ It was theorized that 
the synovial fluid leukocytosis was secondary to lipid 
droplet phagocytosis. Lipid globules present intra- and 
extracdlularly in the synovial fluid ana in the upper fatty 
layer following centrifugation of hemorrhagic synovial 
fluid indicate traumatic arthritis. Although infected 
joints typically have a high white cell count, there seem to 
be some situations that are atypical. 1 have encountered a 
few cases of seemingly “latent” septic arthritis. Initially 
the fluid evaluation was more typical of traumatic arthri¬ 
tis, but septic disease became evident a short time later. 
Fortunately, these cases arc rare. At the same time, note 
that it is quite possible for nonseprtc synovitis to develop 
into septic synovitis. In polyarthritis in foals, the count 
may sometimes be considerably below 50,000/mm 3 . 

Enzymes 

In general there is a close correlation between the ac¬ 
tivities of alkaline phosphatase (ALP), aspartate amino- 
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transferase (AAT), and lactic dehydrogenase (LDH) in 
synovial fluids and the clinical severity of joint disease. 11 
The proportionate increase of enzyme activity with the 
severity of synovitis has been demonstrated experimen¬ 
tally in the equine midcar pal nntercarpal) joint. How¬ 
ever, specificity of enzyme levels enabling separation of 
one diagnostic entity from another has nor been demon¬ 
strated. 

It has been suggested that the increased enzyme activ¬ 
ity in the joint fluid may result from one of several mech¬ 
anisms. These include I) the release of enzymes from 
leukocytes, 2) the release of enzymes from necrotic or 
inflamed synovial tissue, or 3) production and release of 
increased amounts of enzymes by altered synovial tis¬ 
sue. 1 ' A positive correlation between the number of leu¬ 
kocytes in the field and the enzyme levels is indirect evi¬ 
dence for the first possibility. 

Rejno reported that LDH isoenzyme levels in equine 
synovial fluid were useful for differentiating whether ar¬ 
ticular cartilage damage is present or not . 41 He reported 
that LDH* and LDII s were present in high amounts in 
articular cartilage, and an increase in these isoenzymes 
was the most characteristic feature in synovial joint fluid 
samples from joints with cartilage damage. However, in 
a more recent study at Colorado State University we have 
found the relationship to be less clear. High levels of 
each isoenzyme were produced with synovial membrane 
inflammation. Cartilage has a much lower level of all 
isoenzymes of LDf I, and consequently, lesions of the ar¬ 
ticular cartilage do not make a significant contribution 
to the overall LDI 1 elevation. 4 * 

Particle Analysis 

The foregoing parameters generally indicate the sever¬ 
ity of synovial inflammation in a joint but do not provide 
an assessment of the severity of cartilage damage. At¬ 
tempts have been made to assess this by using LDH iso¬ 
enzymes and also microscopic examination of metachro- 
matically stained sediment after centrifugation.* 1 * 
However, the sediment technique has not received com¬ 
mon usage. 

Synovial Markers 

As mentioned above, conventional synovial fluid 
analysis will not define the degree of articular cartilage 
damage but merely the degree of synovitis. Previous at¬ 
tempts at techniques such as synovial sediment analysis 
have not solved the problem. Over the past decade, re¬ 
searchers have developed biochemical and immunologic 
markers to identify and quantitate breakdown products 
of the articular cartilage. The principle of markers is that 
because cartilage degradation involves disruption of the 
collagen framework as well as loss of proteoglycan, 
breakdown products of type II collagen and proteogly¬ 
can fragments are liberated in increased concentration in 
the synovial fluid and ultimately the serum, " Recently, 
some of these markers have been looked at with natu¬ 
rally occurring joint disease in the horse." The use of 
synovial markers has been extensively described in an¬ 
other textbook.™ 

Biochemical tests for identification of proteoglycan 
fragments and GAGs in synovial fluid include the di¬ 


methyl methylene blue (DMMB) assay using conjugation 
of 19-dimethyl methylene blue to GAGs and comparing 
the spectrophotomctric absorption with that of a chon* 
droitin sulfate standard. The DMMB assay identifies all 
GAGs present in synovial fluid regardless of origin. Sig¬ 
nificantly higher levels were found in horses with OCD 
and rraumatic arthritis. However, this test is not very 
specific. 

Immunologic methods appear to provide the most 
sensitive means of identifying and quantitating types and 
amounts of articular cartilage components. Polyclonal 
and, most recently, monoclonal antibodies have been 
produced against various epitopes on fragments of ag- 
grecan and other molecules that are released from the 
cartilage. An epitope is an area on the surface of an anti¬ 
genic molecule against which an immune response is di¬ 
rected. With serum and synovial fluid markers, the epi¬ 
topes that have been used more frequently arc present 
on fragments of proteoglycans (PGs) liberated from both 
normal and degenerating arricular cartilage. K pi topes 
have been identified in a number of areas of the PG 
monomer, including chondroitin sulfate (OS) and kcra- 
tan sulfate (KS), the hyaluronic acid-binding region 
(Gl), the CS attachment region, the CS-rich region, and 
the G3 globulin domain and the link protein. Once a 
monoclonal and polyclonal antibody to a specific epi¬ 
tope has been produced, the amount of epitope can be 
measured by radioimmunoassay or ELISA tesr. Antibod¬ 
ies have been produced specific for “native” CS GAG 
chains as well as those that require predigestion, or “neo¬ 
epitopes.” In our laboratory, we have evaluated CS epi¬ 
tope (846) as well as a KS epitope. The mean value of 
the CS846 epitope in joints with osteochondral fragmen¬ 
tation was significantly higher than that in control joints. 
KS fragments in the synovial fluid were not significantly 
different in the two groups.* 

Antibodies to the C-propeptide of type II collagen 
(CP-11) have been developed, and work in our laboratory 
in the horse found significantly higher C-propeptide lev¬ 
els in joints with fragmentation than in those of con¬ 
trols.* More recently, Billinghurst used a specific assay 
to recognize epitopes in the fragmented and denatured 
type II collagen molecule, and we arc currently evaluat¬ 
ing that in our orthopedic research laboratory. 1 Figure 
7.14 illustrates the principle behind detecting a marker 
of degradation. 

The use of markers of cartilage degradation and syn¬ 
thesis will be extremely valuable in determining the stage 
of articular disease, monitoring therapy, or assessing the 
efficacy of therapeutic agents. Research continues in pur¬ 
suit of new epitopes and development of more specific 
antibodies to attempt to identify articular cartilage-spe¬ 
cific products to study joint disease and joint metabo¬ 
lism. Metalloproteinase levels, TIME levels, and cyto¬ 
kine levels are also considered markers in joint disease. 
Although these are useful in a research situation, they 
are considered of minimal value in assessing the amount 
of articular cartilage damage or defining the status of 
the joint. 49 

Synovial Membrane Biopsy 

Changes in the synovial fluid generally reflect the 
pathologic changes in the synovial membrane. There¬ 
fore, histologic examination of the synovial membrane 
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Figure 7.14 Structure ol fibnllar type II collagen to show the 
composition of a collagen fibril with cross-links between the 
nonhelical telopeptide regions of individual tropocollagen 
molecules and the helical regions of adjacent molecules. The 
cleavage site of collagenase is indicated The cleaved triple helix 
unwinds to expose “hidden” epitopes on a chains that are not 
detectable in the native tnple helix by antibodies. (Reprinted with 
permission from Mcllwraith CW, Trotter GW. Eds. Joint Disease in 
the Horse. Philadelphia: WB Saunders, 1996 J 


was considered potentially useful in evaluating the status 
of a diseased joint and aiding differential diagnosis. 
However, a rather nonspecific reactivity of synovial 
membrane has been noted. 4 Synovial membrane biopsy 
specimens have been used to evaluate the development 
of an experimental synovitis in the equine midcar pal 
joint. 2 ' I have also performed synovial biopsies in var¬ 
ious types of equine joint disease and found that the 
specimens provide a means of studying disease progres¬ 
sion. On a one-time sampling basis, biopsy specimens 
do not seem to offer a great deal of information for dif¬ 
ferential diagnosis. From preliminary work, it appears 
that the reaction of the synovial membrane in equine 
joint disease is also nonspecific and the usefulness of sy¬ 
novial membrane biopsv specimens from horses is lim¬ 
ited. 23 * 47 

Arthroscopy 

There are limitations in the conventional methods of 
clinically assessing diseased joints. For example, radio- 
graphic examination only demonstrates erosion of the 
articular cartilage when the erosion is sufficiently ad¬ 
vanced that the joint space is narrow r cd or the subchon¬ 
dral bone shows radiographic change. In addition, al¬ 
though synovial fluid examination may demonstrate the 
presence of synovitis, the degree of pathologic change in 
the synovial membrane is difficult to assess. 

Examination of the joint with an arthroscopc enables 
evaluation of the nonosseous tissues of the joint, includ¬ 
ing synovial membrane and associated villi, articular car¬ 
tilage, intraarticular ligaments, and menisci. Use of the 
arthroscopc in clinical examination and as a research 
tool has become routine. 20 * 24 A useful role has been dem¬ 
onstrated forevaluation of both synovial membrane and 
articular cartilage changes. 

The arthroscopc was used purely as a diagnostic tool 
from about 1975 to 1980. Techniques for doing surgery 


under arthroscopic visualization started to be developed 
in 1979 and now virtually all joint surgen is done ar- 
throscopically. 2 The achievements of arthroscopic sur¬ 
gery have tended to overshadow the value of diagnostic 
arthroscopy. However, diagnostic examination of the 
entire joint (or as much as possible) is a critical part of 
any arthroscopic procedure. In most cases, additional 
damage (not defined by other diagnostic parameters) is 
encountered, and the prognosis is affected by some of 
these other changes. In addition, specific diseases arc 
confirmed with diagnostic arthroscopy, including tear¬ 
ing of the medial palmar intcrcarpal ligament, cruciate 
ligament tearing, meniscal rearing, degenerative sub¬ 
chondral bone disease, and various degrees of OA. 

The characterization of the morphology of the syno¬ 
vial villi is much better with arthroscopy than with 
arthrotomy. When arthrotomy is performed, villi tend 
to cling to the synovial membrane and cannot be seen 
distinctly. In the case of arthroscopy, the villi are sus¬ 
pended in the fluid medium and stand out distinctly (Fig. 
7.15). The magnification of the arthroscopc also facili¬ 
tates this definition. In normal joints, villi are located in 
certain areas, and these must be recognized before one 
can interpret pathologic changes. I lyperemia and pete- 
chiation of the synovial membrane and associated villi 
may be observed in acute synovitis. Small villi may form 
in locations w r here villi were previously absent. New 
forms of villi may be observed in joints with synovitis. 
Fusion of villi and formation of fibrinoid strands have 
also been observed in inflamed joints. With chronicity 
of the disease process, the villi rend to become thicker 
and denser. Inflammation of the synovial membrane is 
commonly present in most joint diseases in the horse. In 
traumatic and degenerative arthritis, excess villous pro¬ 
liferation may represent an indication fnr synovectomy. 
The ability of arthroscopy to monitor changes in the sy¬ 
novial membrane sequentially has been used to study the 
development of synovitis in the equine midcarpal <in- 
terearpal) joint. 24 Evaluation of synovitis was initially 
the primary indication for arthroscopic evaluation of 



Figure 7.15 Arthroscopic view of chronic synovitis on the right 
half of the picture, with articular cartilage on the eft demonstrating 
some early changes of osteoarthritis. 
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soft tissue in the horse. More recently, other specific soft 
tissue entities have been recognized in equine joints, and 
their diagnosis is based on arthroscopic evaluation. 
These include tearing of the medial palmar mtercarpal 
ligament, tearing of the cruciate ligaments, and rearing 
ot the menisci. Response to intraarticular analgesia 
is the usual indication for arthroscopic examination in 
these cases. 

The other clinical diagnostic use of the arthroscope 
in the horse is the assessment of articular cartilage when 
radiographic signs are equivocal or nonexistent. Arthro¬ 
scopic examination allows the recognition of fibrillation, 
erosion, and wear lines of the articular cartilage {Fig. 
7.16). Fibrillation may be more easily recognized by ar¬ 
throscopy than by gross visualization because of a com¬ 
bination of factors that include transillumination of col¬ 
lagenous fibrils, their suspension in solution, and also 
the magnification effects. 

Carpal chip fragmentation is the most common indi¬ 
cation for arthroscopy in the carpus. In most instances, 
the indication for surgery is based on clinical findings 
and radiographic conformation. However, arthroscopy 
further defines the amount of damage to the articular 
cartilage and bone, and in some instances, fragments that 
were not demonstrable radiographically arc found. Simi¬ 
larly, arthroscopy is used for the treatment of slab frac¬ 
tures and the debridement of subchondral degenerative 
disease (the latter is defined by skyline radiographs when 
it is in the third carpal bone but cannot be seen radio¬ 
graphically when tin the distal radial carpal bone). As 
mentioned above, diagnostic arthroscopy is used both 
to diagnose and to treat tearing of the medial palmar 
intercarpal ligament. More recently, arthroscopic sur¬ 
gery through the carpal canal is being used to treat osteo¬ 
chondroma of the distal radius. The decision for surgery' 
is usually based on clinical signs, radiology, and/or ultra¬ 
sonography. The importance of the condition can be 
confirmed at tenoscopic examination by the presence of 
an obviously protruding piece of bone and tearing of the 
deep digital flexor (DDF) tendon-muscle junction. Refer 
to osteochondroma of the distal radius in Chapter 8 for 
more information. 

Arthroscopic surgery of the dorsal aspect of the fet¬ 
lock joints is used to treat proximodorsal proximal (first) 
phalanx chip fragments, villonodular synovitis, and 
OCD. 20 Arthroscopic examination allows definition of 
the degree of secondary arthritic change, which has been 
found to be a negative prognosticator for both proximo- 
dorsal first phalanx chip fragments and OCD cases. In 
the palmar/plantar aspect ot the fetlock joint, palmar/ 
plantar PI fragments are removed, and selected sesamoid 
fragments are also operated. The degree of change is fur¬ 
ther defined with arthroscopy. 

The most common condition treated in the tarso- 
crural joint is OCD. Recognition of wear lines on the 
medial trochlear ridge of the talus is important as it im¬ 
plies a poorer prognosis. 2 * Similarly, OCD is the most 
common condition treated in the femoropatellar joint, 
but the technique is also used to treat distal patellar frag¬ 
mentation and patellar fractures. In the femorottbial 
joint, the first indication used for arthroscopic surgery 
was subchondral cystic lesions. Now the technique is 
used for the diagnosis and treatment of cruciate ligament 
injuries and mcniscal tears. Arthroscopy is also used for 



Figure 7.16 Three arthroscopic views of articular cartilage 
degeneration. A. Fibrillation on the trochlear ridge ol the talus B. 
Early, mild wear-lme formation on the distal metacarpus. C. Full- 
thickness erosion in the trochlear groove and patella of a 
femoropatellar joint 
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diagnostic and surgical purposes in the pastern, coffin, 
shoulder, and elbow joints; details are described else¬ 
where . 20 
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SPECIFIC DISEASES OF JOINTS: 

IDIOPATHIC SYNOVITIS (BOG SPAVIN 
AND ARTICULAR WINDPUFFS) 

Effective management of joint diseases in the horse 
necessitates the classification and definition of the var¬ 
ious disorders. In some instances, however, a joint condi¬ 
tion may progress from one classification to another, and 
the treatment and prognosis must change accordingly. 
For example, a case of traumatic arthritis or infective 
arthritis may progress to OA. 

The term “idiopathic synovitis” refers to a chronic 
synovial effusion of a joint of uncertain pathogenesis and 
unassociated with lameness, tenderness, heat, or radio- 
graphic changes. The disease is typified by bog spavin 
of the tarsocrural (tibiotarsal) joint. Another example is 
windpuffs of the fetlock. 

Pathogenesis 

Bog spavin (tarsal hydrarthrosis) has been classified 
as a noninflammatory effusion . 2 However, it is probably 
more accurate to classify bog spavin as a chronic low- 
grade synovitis, because inflammatory changes can be 
seen on histologic examination of the synovial mem¬ 
brane, There are minor changes in synovial fluid samples 
that indicate a low-grade synovitis. The gross appear¬ 
ance of the fluid ranges from pale yellow and clear in 
50% of cases to pale yellow with some opacity in others. 
The relative viscosity is decreased and the MPQ ranges 
from normal in 50% of cases to very poor. The protein 
level is w'ithin normal range, and white cell counts have 
been reported to range from 25 to 1131, compared to 
67 to 356 cells/mm v for controls. 4 ALP, LDH, and AAT 
levels in synovial effusions exceed the activity levels in 
normal equine tarsal synovial fluid, 2 These synovial fluid 
parameters return toward normal after treatment with 
anti-inflammatory agents. 2,4 

Bog spavin is more often seen in horses with faulty 
tarsal conformation (straight hocks, sickle hocked, or 
cow' hocked), which suggests that abnormal biomechani¬ 
cal stresses on the soft tissues of the joint are possibly a 
factor. 2 In addition, strain and minor trauma, regardless 
of tarsal joint conformation, have been considered 
causes of the disease/ Other stresses such as lameness 
in another limb, heavy training, or poor shoeing could 
also be involved in some instances. Although nutritional 
abnormalities, including disorders of calcium, phospho¬ 
rus, vitamin A, and vitamin D intake, have been sug¬ 
gested as causing the problem, there is no scientific evi¬ 
dence for this. The only instance in which a nutritional 
basis for the condition has been demonstrated is w hen 
OCD is the basis for clinical signs. OCD of the tarso¬ 
crural (tihiotarsal) joint typically presents as bog spavin, 
and lameness is often not obvious. Radiographs are ab¬ 
solutely necessary for definitive diagnosis of idiopathic 
synovitis of this joint. 

Once synovial distension of a joint occurs, the condi¬ 
tion may be self-perpetuating because of the resultant 
increase in the intercellular spaces between the synovio¬ 
cytes and the dilution of hyaluronic acid by the effusion 
(this could decrease the permeability control of the hya- 
luronate layer over the synovial membrane). 

Windpuffs are often associated with straight fetlocks. 
Young horses under a heavy training schedule will some- 



Figure 7.17 Idiopathic synovitis ot the tarsocrural (tibiotarsal) 
joint (bog spavin). 


times develop windpuffs of the fetlock joint. More often, 
however, the presence of synovial effusion in a young 
horse’s fetlock signals OCD (defined by radiographs), 
as tarsocrural effusion signals OCD in that joint. Other 
horses under heavy work can be similarly affected and 
a blemish can remain throughout life. 

Clinical Signs 

Bog spavin manifests as a distended tarsocrural (tihio¬ 
tarsal) joint with three characteristic fluctuant swellings, 
the largest of which is at the dorsomedial aspect of the 
joint (Fig. 7.17). With modcratc-to-scvcre distension, the 
medioplamar and lateroplantar pouches are also dis¬ 
tended. These are located on either side of the plantar 
aspect of the joint, at the level of the tarsocrural articula¬ 
tion joints, and arc more distal than the swellings of 
thorough-pin. The three areas of distension are where 
the joint capsule is not covered by ligaments, tendons, 
or retinacula. Bog spavin may also involve distension 
of the proximal intertarsal synovial joint because of its 
communication w r ith the tarsocrural joint sac on the dor¬ 
sal aspect of the tarsus. However, any distension in this 
joint is overshadowed by the distension in rhe tarsocrural 
joint. When pressure is exerted on any one of the swell¬ 
ings in the tarsocrural joint, the other enlargements in¬ 
crease in size, and increased tension on rhe joint capsule 
may he palpated. If the joint distension is severe, a me¬ 
chanical alteration in the gait (decreased hock flexion 
and decreased cranial phase of stride) may he noted dur¬ 
ing exercise. Synovial fluid changes arc discussed above. 

Articular windpuffs manifest as distension of the pal¬ 
mar (or plantar) recess of the metacarpophalangeal or 
metatarsophalangeal joint (Fig. 7.18). Again no lame¬ 
ness, heat, or pain should be present. The swelling in 
longstanding cases may harden as a result of fibrosts in 
the region. 

Diagnosis 

Diagnosis of hog spavin is based on the typical clinical 
appearance. The problem should not be confused w r ith 
thorough-pin (see page 630), which occurs caudally and 
above the point of the hock. The clinician should attempt 
to identify any etiologie factors associated with hog 
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Figure 7.18 idiopathic synovitis in the metacarpophalangeal 
joint (wmdpulls) 


spavin. OCD for chip fragmentation) should be ruled 
out by radiographic examination, and the condition dis¬ 
tinguished from traumatic synovitis. Similarly, any evi¬ 
dence of lameness or sensitivity of the fetlock associated 
with palmar recess distension disqualifies the condition 
as one of simple windpuffs, and OCD needs to he ruled 
out in this joint. 

Treatment 

In many instances, the best treatment for idiopathic 
synovitis, after recognition and elimination of any pri¬ 
mary problems, is to do nothing. A number of weanlings 
and yearlings will have bog spavin in one or both hocks, 
and the problem disappears as they get older. Bog spav¬ 
ins associated with conformation defects cannot be elim¬ 
inated, and the results of any attempt at treatment will 
only be temporary. The owners should be made aware 
of this before treatment is instituted and also warned 
that other problems may develop in association with the 
conformational defect. Although no specific nutritional 
abnormalities have been identified, the nutritional status 
of an individual should be ascertained to be normal when 
a case of hog spavin is encountered. 


In a persistent case of bog spavin for which treatment 
of the blemish is desired, there are a number of alterna¬ 
tives. Drainage of the joint is rational, based on the idea 
that increased distension of the synovial membrane can 
potentially increase synovial effusion. However, drain¬ 
age alone is not usually satisfactory and will result in a 
return of the condition. The use of joint lavage as well as 
drainage could be considered (see the traumatic arthritis 
section in this chapter). The use of drainage followed 
by the injection of corticosteroids has been described. 4 
Varying amounts of 6tr-methylprednisolone (Depo-Me- 
drol) are used, depending on the extent of the initial 
effusion. A second and occasionally third injection arc 
given if excessive synovial effusion reforms. Other clini¬ 
cians have had less consistent results with the use of cor¬ 
ticosteroids. The use of bandaging following injection 
may give more consistent results. 

A progesterone derivative bo-methyl- 17o-hydroxy- 
progesterone acetate (6-MAP) (Dcpo-Provera) adminis¬ 
tered intraarticularly has also been used successfully in 
the treatment of bog spavin. 1 In addition to being a po¬ 
tent progesterone agent, 6-MAP has the 6o-methyl 
group that confers significant anti-inflammatory activity 
on the drug. A good percentage of the cases responded 
to one injection (150 to 200 mg); 30% received a second 
injection when synovial effusion re-formed.' A return of 
synovial fluid parameters toward normalcy was again 
observed with this treatment. 

Another treatment used for bog spavin has been 
drainage followed by intraarticular injection of orgotcin 
(Palosein). Orgotein is a copper-zinc protein with potent 
anti-inflammatory properties attributable to its superox¬ 
ide dismurase activity. Superoxide radical (0 2 “) is re¬ 
leased by activated inflammatory cells and can induce 
marked local tissue damage. Orgotein has marked ability 
to reduce synovial inflammation. 1 It seems quite effective 
in reducing synovial effusion in some cases of hog spavin. 
A 5-ing dose is used in the rarsocrura! joint. Intraarticu¬ 
lar atropine (9 mg) has also been used with success. 
With articular windpuffs, treatment is generally lim¬ 
ited to the use of pressure wraps and osmotic agents in 

E rforming horses. The blemish is less obvious, and un¬ 
is problems with lameness or pain develop, there is 
little indication for any specific intraarticular treatment. 


PROGNOSIS 

The prognosis for complete elimination of effusion in 

idiopathic synovitis is always guarded, because none of 

the treatments can be considered 100% successful. 
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SPECIFIC DISEASES OF JOINTS: 
TRAUMATIC ARTHRITIS 

In its broadest sense, the term “traumatic arthritis" 
includes a diverse collection of pathologic and clinical 
states that develop after single or repetitive episodes of 
trauma and may include one or all of the following: 

1) synovitis (inflammation of the synovial membrane), 

2) capsulitis (inflammation of the fibrous joint capsule), 

3) sprain (injury of specific ligaments associated with the 
joint), 4) intraarticular fractures, and 5) meniscal tears 
(femorotibial joints). 

Any of the above situations can potentially progress 
to 0A» To facilitate discussion of pathogenesis, diagno¬ 
sis, and treatment, it is convenient to divide articular 
trauma into three entities: 

Type 1. Traumatic synovitis and capsulitis without dis¬ 
turbance of articular cartilage or disruption of major 
supporting structures. This includes acute synovitis 
and most sprains. 

Type 2. Disruptive trauma with damage to the articular 
cartilage or complete rupture of major supporting 
structures. This includes severe sprains (A), meniscal 
tears (B), and intraarticular fracrurcs (C). 

Type J. Posttraumatic OA. This includes disruptive 
trauma in which major residual damage is present. 
Patients may have deformity, limited motion, or insta¬ 
bility of joints. 

There is considerable overlap in that cases of osteo¬ 
chondral fragmentation in the carpus or fetlock typically 
present as synovitis/capsulitis. The pathobiology associ¬ 
ated with injury to each of the tissues of the joint is 
detailed above in this chapter. There is obvious overlap 
between the entities of articular trauma, and this needs 
to be recognized. However, each entity is discussed sepa¬ 
rately because the specific treatments for each condition 
are most conveniently dealt with in this fashion. Note 
that failure to obtain a good response to treatment of 
traumatic synovitis and capsulitis commonly implies 
other damage within the joint- If one takes a problem- 
based approach and treats specifically for each problem 
present in the joint, the best results will be attained. 

Traumatic Synovitis and Capsulitis 
(Typo 1 Traumatic Arthritis) 

In this section we consider synovitis and capsulitis in 
general terms, but specific reference is made to the joints 
most often affected with this condition. Sprains, luxa¬ 
tions, and intraarticular fractures are considered sepa¬ 
rately. 

Some confusion exists regarding the terms “carpitis" 
and “osselets.” Carpitis is an acute or chronic inflamma¬ 
tion of the carpal joint that may involve the fibrous joint 
capsule, synovial membrane, associated ligaments, and 
bones of the carpus. It can also progress to OA. For our 
purpose, however, we will consider the problem one of 
synovitis and capsulitis with minimal loss of integrity 
to the associated ligaments (type I traumatic arthritis). 
Osselets has been defined as traumatic arthritis of the 
metacarpophalangeal joint. 1 It is more appropriate to 
restrict the term osselets to describe the thickening asso¬ 


ciated with synovitis and capsulitis of the fetlock. Ossifi¬ 
cation can develop as a chronic change. Osselets are es¬ 
sentially a chronic capsulitis associated w r ith trauma. The 
term is used a lot less these days, and veterinarians gener¬ 
ally refer to synovitis and capsulitis by such specific 
names. 

Pathogenesis 

Traumatic synovitis and capsulitis may result from 
single or multiple episodes of trauma to a joint. The most 
common clinical situations are in the carpal or fetlock 
joints of the young racehorse, hut the problem also oc¬ 
curs frequently in the distal interphalangeal (coffin) and 
distal tarsal joints. Continued repeated trauma to the 
joint (“use-trauma”), rather than an isolated traumatic 
episode, is the central etiologic concept in synovitis and 
capsulitis. Racing places repeated stress on both the hard 
and soft tissues of the joint. Inadequate conditioning may 
lead to early fatigue and overextension of the carpus. 
Conformational defects cause abnormal stresses on the 
joint. This results in weight being placed on the dorsal 
edges of the carpal bones for instance, and this can cause 
direct damage to the articular cartilage or result in intra- 
articular fractures. Redundant synovial membrane and 
its associated villi are also traumatized, resulting in syno¬ 
vitis. Capsulitis may develop secondary to synovial mem¬ 
brane inflammation, but the primary damage to the fi¬ 
brous capsule occurs directly at its attachment to the 
bone. Tears in the fibrous joint capsule result in inflam¬ 
mation and subsequent bone formation (which gives rise 
to enthesiophytes). The joint distension associated with 
synovial effusion could also increase the chance of capsu¬ 
lar tearing. 

Similar events result in damage to the fetlock joint. 
Synovitis occurs, resulting in synovial effusion and joint 
capsule distension. Capsulitis also occurs. The capsulitis 
is centrally located over the dorsal aspect of the fetlock 
and is a more severe clinical component in this joint than 
it is in the carpal joint. In the acute stage of the inflamma¬ 
tory process, the term “green osselets” is used for this 
capsular inflammation. The sequence of events by which 
lesions develop in the fetlock is uncertain. It is likely that 
synovial effusion in association with synovitis occurs ini¬ 
tially, resulting in a minor problem. If the problem is 
unrecognized in the face of continued training, thicken¬ 
ing of the fibrous joint capsule develops and degenerative 
changes progress.' Direct damage to the fibrous joint 
capsule with concussion or pulling on the fibrous attach¬ 
ment of joint capsule to bone is considered of major im¬ 
portance in the pathogenesis of osselets. The tearing at 
the attachments of joint capsule to bone does not remain 
as a soft tissue lesion. New bone growth appears at the 
dorsal aspect of the distal extremity of the third metacar¬ 
pal bone and the proximal extremity of the proximal 
phalanx, secondary to the tearing of the periosteum, and 
cartilage degeneration can also result. In addition, or sep¬ 
arately, the attachment of the lateral digital extensor may 
be pulled sufficiently to produce periostitis in that area. 

Clinical Signs 

In acute carpitis, lameness is evident and there is 
shortening of the cranial phase of the stride due to de¬ 
creased flexion of the carpus. The horse typically travels 
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Figure 7.19 Acute, severe carpttis. Limb is held in a partially 
flexed position to maximize joint volume and minimize joint 
pressure. 


at the trot, with the legs placed more widely apart. Swell¬ 
ing is present because of joint distension. There will be 
a variable amount of swelling in the joint capsule itself 
and other periarticular tissues. There is a tendency for 
the horse to hold the carpus slightly flexed in the stand¬ 
ing position in severe cases (Fig. 7.19).Thi$ maximizes 
intracapsular volume and reduces intracapsular pres¬ 
sure.* Digital pressure on the joint may provoke pain. 
Carpal flexion may he used to define stiffness in the joint 
and the degree of pain. 

In chronic carpitis, lameness may not be evident until 
the horse is used at a fast gait. Carpal flexion may be 
used to accentuate lameness. A hard thickening will be 
palpated at the dorsal aspect of the joint. The relative 
amounts of fibrous or bony tissue in this swelling needs 
to be ascertained by radiographic examination. Radio¬ 
graphs may also reveal enthesiophytosis on the dorsal 
aspect of the carpal bones as a result of previous tearing 
of the fibrous joint capsule attachments to the bone. 
These enthesiophytes are not necessarily a sign of OA 
and will generally cause no clinical problem unless there 
is continued capsular tearing or disease. 

With synovitis/capsulitis in the metacarpophalangeal 
joint, the horse moves with a choppy gait if bilaterally 
affected. If only one limb is involved, the horse has an 
obvious lameness of that limb. Synovitis is evidenced by 
synovial fluid distension of the palmar recess. Fain and 
heat may be present. The capsular inflammation of ossel- 
cts is manifested as swelling on the dorsal aspect of the 
joint. This swelling may extend at least half way around 


the joint. In the acute phase, pressure over the involved 
region will cause the animal to flinch. In a later stage, 
hard thickening may Ik* present. The sensitivity to palpa¬ 
tion and flexion will be variable. Radiographs should be 
taken to determine if new bone growth is present and to 
evaluate its relationship to the articular surfaces. Early 
cases have no radiographic changes, but enthesiophytes 
may be subsequently observed on the dorsal surface of 
the proximal aspect of the proximal phalanx and may 
also occur on the dorsal aspect of the distal extremity of 
the third metacarpal bone. In addition, ossification may 
develop in the joint capsule itself. In chronic inflamma¬ 
tory conditions of the fetlock, remodeling changes in the 
distal extremity of the third metacarpal bone may also 
be apparent in radiographs 1 (Fig. 7.20). 

Synovitis and capsulitis of the tarsocrural joint mani¬ 
fest as synovial effusion accompanied by varying degrees 
of lameness, heat, and periarticular swelling. Radio¬ 
graphs are made to eliminate more serious problems. 
Synovitis in the tarsocrural joinr m.n he particularly re¬ 
active, with chronic proliferation of synovial villi pre- 



Figure 7.20 Radiograph of metacarpophalangeal joint, showing 
loss of bone cortex on the distal palmar aspect of the third 
metacarpal bone, presumably caused by a combination of 
pressure from inflammatory change and fibrosis of the palmar 
recess. There is also osteophytosis on both the apical and basilar 
regions of the sesamoid bone and an osteophyte on the 
proximodorsal aspect of the first phalanx. 
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eluding a successful outcome with medical treatment. 
Traumatic arthritis of the femoropatellar joint usually 
manifests wirh obvious synovial effusion, and the prob¬ 
lem can usually be localized reasonably easily. However, 
when there is traumatic synovitis/capsulitis of the femor- 
otibial joint, the tight encapsulation of these small, sepa¬ 
rate compartments means that joint distension is not a 
common feature. There may be some effusion in the fem¬ 
oropatellar joint due to pressure going through the com¬ 
munication between the medial femorotibial joint and 
the femoropatellar joint. In severe traumatic injuries, 
such as mem seal tears, synovial effusion of the femoro¬ 
tibial joint itself can be detected. In many instances in 
the femorotibial joint, intraarticular analgesia is often 
used to achieve a specific diagnosis. Intrasynovia I analge¬ 
sia is not needed routinely for problems in the carpus 
and fetlock, but when a problem in one of these joints 
has failed to respond to medical treatment and clear indi¬ 
cation is needed for diagnostic arthroscopy, intraanicu- 
lar analgesia is used. Synovitis/capsulitis of the distal in- 
terphalangeal {coffin joint) is a common problem. These 
horses have a short choppy gait. Usually some effusion 
may be detected above the coronet. Placement of a needle 
in the joint reveals greatly increased fluid pressure and 
confirms the diagnosis. 

Diagnosis and Differential Diagnosis 

Radiographs are commonly made to eliminate the 
possibility of osteochondral damage. This is not always 
routine in sports medicine practices if the clinician feels 
comfortable that the problem is primarily localized in 
soft tissues. On the other hand, if there is failure to re¬ 
spond to therapy or the synovial fluid tap at the time 
of treatment reveals changes suggesting more structural 
damage (and obviously if the lameness is sufficiently se¬ 
vere), radiographs must be taken. Synovial fluid analysis 
(even gross inspection) is always useful. Color and vis¬ 
cosity can be evaluated while one is aspirating fluid or 
injecting the joint. With severe lameness associated with 
synovial effusion, synovial fluid analysis should always 
be performed to rule out infective arthritis. As implied 
above, diagnostic arthroscopy may be the only way to 
truly define the internal state of the joint and the degree 
of disease. 

Treatment 

There are a number of treatments for acute synovitis 
with or without accompanying capsulitis.'' The aim of 
these treatments is to return the joint to normal as 
quickly as possible. In addition to bringing relief to the 
patient and allowing it to return to normal work, 
suppression of synovitis and capsulitis is important to 
prevent the products of inflammation from compromis¬ 
ing the articular cartilage and leading to OA. These pro¬ 
cesses are discussed above in the pathobiology section. 
In addition to the potential deleterious effects of synovi¬ 
tis on articular cartilage, it is important to provide pain 
relief and minimize the potential microinstability associ¬ 
ated with excessive synovial effusion. It has also been 
shown experimentally in the rabbit that joini inflamma¬ 
tion weakens intraarticular ligaments in addition to af¬ 
fecting the cartilage. 


Rest and Immobilization. The usefulness of rest in pa¬ 
tients with acute inflammation and capsular injury is ob¬ 
vious. The realities of racing or other athletic activities 
often prevent proper application of this modality, which 
would allow a complete recovery in many cases. Bandage 
support may also assist healing of an acutely damaged 
joint. A pressure bandage stimulates mcchanorcccptors, 
and this in turn can decrease pain sensation. Immobiliza¬ 
tion is important when there is any destabilizing injury 
but is not ideal if the problem is limited to synovitis/ 
capsulitis. Prolonged immobilization may lead to muscle 
atrophy and adhesion formation within the joint as well 
as articular cartilage atrophy. Casting is only appropri¬ 
ate in cases of destabilizing injury. Passive flexion of 
limbs may help retain mobility and some hand walking is 
recommended in most instances. The author uses passive 
flexion of the fetlock routinely after surgery to maintain 
capsular range of motion and minimize adhesions and 
fibrosis, and if it is considered appropriate (if the patient 
is willing), for primary capsular injury as well. Hand 
walking should always be continued, even if training is 
stopped. If there is no destabilizing injury, hand walking 
will maintain motion of the joint capsule as well as pre¬ 
vent atrophic change m the articular cartilage. 

Physical Therapy. Hydrotherapy may he useful imme¬ 
diately after a traumatic joint injury. Although the use 
of cold or hot water seems to be debated regularly, it is 
reasonable to assume that cold hydrotherapy is indicated 
in the acute stage of joint injury to retard the inflamma¬ 
tory processes of exudation and diapedesis and reduce 
edema. 6 The application of ice is extremely beneficial as 
a primary treatment for most acute joint injuries. After 
48 hours, hot hydrotherapy may be indicated to relieve 
pain and reduce tension in inflamed tissues. The vasodi¬ 
lator)’ effect can aid in fluid resorption as well as provid¬ 
ing phagocytic cells. 1 

Swimming has also been used in the convalescent pe¬ 
riod with joint injury to maintain the horse's condition 
while relieving joint trauma. It is the closest one can 
approximate non-weight-bearing motion as practiced in 
human sports medicine. It is also possible that the mas¬ 
saging effect of the water on the limbs may help prevent 
fibrosis of the joint capsule. However, swimming does 
not maintain joint tone, and quick return of the horse 
to fast work is potentially dangerous. 

There has been considerable use made in recent years 
of modalities such as electromagnetic therapy, electro¬ 
stimulation, and low-level laser for various musculoskel¬ 
etal conditions including traumatic joint disease. There 
have been no controlled studies documenting their value, 
but anecdotally, people who use these various modalities 
consider that symptomatic relief is achieved. 

Any process that causes chronic fibrosis in the capsu¬ 
lar tissues is contraindicated because it decreases joint 
motion and decreases the shock-absorbing capabilities 
of the joint capsule. Diathermy and ultrasound have been 
used to produce deep heat in the tissues and to enhance 
vascularity and healing. 6 Repeated applications of ultra¬ 
sound will cause hone resorption (osteoporosis). How¬ 
ever, these techniques have not attained a prominent 
place in the treatment of joint conditions. Liniments are 
also commonly used. 1 The massaging effect of their ap- 
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plication is probably as useful as their ability to produce 
heat. 

Dimethyl Sulfoxide (DMSO [DomosoJ). The polar 
chemical solvent DMSO has been used alone in the horse 
or mixed with corticosteroids to reduce soft tissue swell" 
ing and inflammation resulting from acute trauma. Its 
main value in this regard is considered to be the reduc¬ 
tion of edema. H More recently, DMSO has been shown 
to possess superoxide dismutasc activity, whereby it can 
inactivate superoxide radicals. The drug also enhances 
penetrarion of various agents through the skin, and a 
threefold increase in the penetration of percutaneous ste¬ 
roid when mixed with DMSO has been reported. 1 ' Also, 
when cortisone was dissolved in DMSO, the dilution of 
cortisone necessary to stabilize lysosomes was reduced 
from 1/10 to 1/1000. Work has also shown increased 
blood flow through experimental flaps and the presence 
of vascular dilation with DMSO application. This may 
also help with the resolution of soft tissue inflammation. 
The drug is bacteriostatic and produces collagen dissolu¬ 
tion, which may help in restoring pliability to fibrosed 
tissue. 1 

Such properties provide some rationale for its use in 
joint inflammation, and the development of adjuvant 
polyarthritis in the rat is significantly inhibited by the 
local use of DMSO. The drug has a definite antiartnritic 
effect that seems independent of its ability to promote 
the absorption of corticosteroids. 4 The local antiarthritic 
effect of hydrocortisone was increased 10-fold when 
DMSO was used as a carrier. 4 DMSO has been used in 
the treatment of synovitis in horses. 1 - It is important to 
use the medical grade DMSO (liquid or get), and gloves 
should be worn during its application. 1 

Joint Lavage. The technique of joint lavage was initially 
proposed to remove cartilaginous debris that caused syn¬ 
ovitis. 10 Production of synoviris with arricular cartilage 
fragments and purified chondroittn sulfate has been 
demonstrated experimentally. 2 In addition, synovitis of 
inflamed synovial membrane acts as a source of deleter¬ 
ious mediators (discussed under “Pathohiology of 
Joints and this constitutes an additional reason 

for the use of joint lavage. 

Lavage may be done with the patient standing or 
under general anesthesia. Obviously, one can do more 
extensive lavage under general anesthesia. Clipping and 
aseptic preparation of the joint are performed, after 
which two 12- to 14-gauge needles arc inserted in the 
joint. The use of a fluid pump saves time for lavage. The 
clinical results from joint lavage are particularly gratify¬ 
ing in a patient with severe Tameness associated with 
acute synovitis. After completion of lavage, therapeutic 
agents such as hyaluronan may he administered. Joint 
lavage is used most commonly in association with ar¬ 
throscopic surgery and is considered responsible for a 
significant part of the benefit achieved from surgery. It 
can, however, also be done with the patient standing; 
although the volume put in the joint is lower than that 
under general anesthesia, it still seems quite effective; 
there are no known data on minimum volume or flow 
requirements. 
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MEDICATIONS FOR JOINT DISEASE: 
NONSTEROIDAL ANTI-INFLAMMATORY 
DRUGS 

The most common nonsteroidal anti-inflammatory 
drug (NSAID) is phenylbutazone. NSAIDs are sub¬ 
stances other than steroids that suppress one or more 
components of the inflammatory response. 74,1 Such a 
broad definition includes both phenylburazonc-tvpe 
drugs and the new intraarticular preparations such as 
HA, polysulfatcd GAG (PSGAG), and pentosan sulfate. 
The term NSAID tends to be used more restrict!vely to 
describe anti-inflammatory agents that inhibit some 
component of the enzyme system that converts arachi- 
dontc acid into prostaglandins and thromboxanes (Fig. 
7.21 >. 21 Various NSAIDs are available for, and used in, 
the treatment of joint disease in the horse. 1 

As defined above, all NSAIDs inhibit cyclooxygenase 
activity to some degree. 11 With phenylbutazone, this ef¬ 
fect is marked and is one of the most important aspects 
of its therapeutic potential. However, other agents such 
as carprofen are relatively weak cyclooxygenase inhibi¬ 
tors, leading to the conclusion that in addition to these 
agents' effects on prostaglandins, other mechanisms may 
contribute to their overall anti-inflammatory activity. 
Drugs such as ketoprofen inhibit 5-lipoxygenase in vitro 
in addition to cyclooxygenase, but this property has not 
been demonstrated in vivo. Mcclofenamate also inhibits 
human PMN chemotaxis as well as degranulation and 
generation of superoxide free radicals. I lowever, the sig¬ 
nificance of such findings to clinical anti-inflammatory 
therapy remains unclear. Although it is clear that in low 
doses aspirin and most of the newer NSAIDs inhibit the 
biosynthesis of prostaglandins from arachidonic acid 
(and stable prostaglandins have been shown to mediate 
fever, hyperalgesia, vasodilation (edema), and several 
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Figure 7.21 The aracfudonic acid cascade. HETE, 
hydroxyeicosatetraenoic acid; HPETE, 
hydroxyperoxyeicosatetraenoic acid; PG, prostaglandin; TX. 
thromboxane; LT, teukothene. {Reprinted with permission from 
Mcllwralth CW, Trotter GW. Eds. Joint Disease in the Horse. 
Philadelphia: WB Saunders. 1996, Fig 13-1.) 


II.-1 -dependent responses), at higher doses these drugs 
inhibit non-prostaglandin-dependent processes such as 
the activity of a variety of enzymes, proteoglycan synthe¬ 
sis by chondrocytes, transmembrane ion fluxes and 
chemoattractant binding.' The potential deleterious ef¬ 
fect of suppressing PGE* levels and inducing increased 
IL-1 secretion has recently been pointed out. PGE 2 exerts 
a negative feedback on IL-1 release, an action that should 
lead to chondroprotection, so it is possible that NSAID- 
induced reduction of PGE^ synthesis could adverseU af¬ 
fect cartilage matrix by inhibition of this negative feed¬ 
back pathway. 14 However, stimulation of proteoglycan 
synthesis by one NSAID in vitro has been demon¬ 
strated. 27 

Differential Activities of NSAIDs 

A recent advance that should greatly increase our un¬ 
derstanding of variations in the activity of different 
NSAIDs as well as offering enhanced therapeutic useful¬ 
ness is the discovery of constitutive (COX-1) and induci¬ 
ble (COX-2) forms of cyclooxygenase. 5 ' 24 * 4 It is sug¬ 
gested that COX-1 is responsible for the production of 
prostaglandins involved in normal physiologic func¬ 
tions, whereas COX-2, whose production involves bac¬ 
terial lipopolysaccharide and cytokines, would appear 


to have a role in inflammation. Many NSAIDs such as 
aspirin and indomethacin are more potent inhibitors of 
COX-1 than of COX-2, suggesting that they are likely 
to affect physiologic processes more than inflammatory 
ones. It may lie possible to reduce the toxicity of 
NSAIDs by choosing individual agents that are specifi¬ 
cally active against the inflammation-associated isoen¬ 
zyme COX-2 and leave the “physiologic" isoenzyme 
COX-1 unaffected to perform its homeostatic role. 

There are clinical impressions that some NSAIDs are 
most useful in the treatment of orthopedic problems, 
while others are better in the treatment of colic. These 
new data suggest a potential for targeting individual 
agents on inflammatory problems in specific areas. 1 It 
has been suggested that drugs such as aspirin and indo¬ 
methacin, which are more effective inhibitors of COX- 
1 than of COX-2, are more likely to produce mucosal 
damage and ulceration in the gastrointestinal tract than 
such agents as naproxen, carprofen, and meloxicam, 
which are relatively more effective against COX-2. 10 '* 2 

Other Activities of NSAIDs 

NSAIDs arc well known for their toxic effects and, 
in particular, gastric ulceration. However, provided the 
drugs are used at clinical dose rates, such problems seem 
relatively uncommon in the horse. 17,22 Although several 
factors may predispose toward phenylbutazone toxicity 
in the horse, including breed and age, for instance, high 
dosage is considered to be particularly important. 17 The 
greatest range of side effects has been reported in humans 
and includes edema, renal papillary necrosis, tubular ne¬ 
phritis, hcpatotoxicity, blood dyscrasias (bone marrow 
depression and aplastic anemia), and rashes. Marked in¬ 
dividual human variation is seen between NSAIDs in 
terms of reported efficacy and toxicity, and differential 
toxicities are now being recognized in the horse. 

Another action of NSAIDs that should be considered 
in relation to joint disease is their effect on proteoglycan 
synthesis. It is now known that a number of NSAIDs 
affect cartilage anabolism in addition to modulating the 
inflammatory cascade. Most work has been done with 
sodium salicylate and aspirin, in which it has been dem¬ 
onstrated there is inhibition of proteoglycan synthe¬ 
sis. 3 ' 29 Salicylate produces much more profound 
suppression of proteoglycan synthesis in osteoarthritic 
cartilage than in nondiseased cartilage. 4 Differences be¬ 
tween drugs and the question of levels in the synovial 
fluid need resolution. Currently NSAIDs such as ti a pro¬ 
fen ic acid, piroxicam, and sulindac do not appear to af¬ 
fect articular cartilage a noma I ism, and phenylbutazone 
docs not seem to have any effect on equine cartilage 
(Cambridge H and Lees P, unpublished data). It has also 
been suggested that some NSAIDs such as benox a profen 
stimulate proteoglycan synthesis," and recently, it has 
been shown that carprofen increases proteoglycan syn¬ 
thesis by equine chondrocytes and explants in vitro 
(Abrahams L, Frean S, Lees P, unpublished data). 

The other issue that always needs consideration is the 
beneficial anti-inflammatory effect of a NSAID versus 
potential deleterious effects in the cartilage. In a recently 
published study using cultured explants of equine carpal 
articular cartilage, it was shown that at all concentra¬ 
tions, the anticatabolic effects of both phenylbutazone 
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and Depo-Medrol influenced the proteoglycan content 
of the explants far more than did the antianabolic or 
cytotoxic drug effect. 1: The normal proteoglycan loss in 
culture was reduced by the presence of either phenylbu¬ 
tazone or Depo-Medrol, and the effect was significant 
at clinically relevant concentrations of phenylbutazone 
(2 to 20 jLtg/ml.) but not Depo-Medrol (20 to 200 jug/ 
mL). Depo-Medrol caused a dose-dependent suppres¬ 
sion of proteoglycan synthesis at all concentrations, and 
chondrocyte viability was affected only at the 2000 /*g/ 
mL dose. Phenylbutazone affected proteoglycan synthe¬ 
sis and cell viability only at a concentration of 2000 /xg/ 
mL. 12 

Classification of NSAIDs 

NS A IDs can be divided into two groups on the basis 
of their chemical structure. Most NSAIDs are carbolic 
acids, but a few (most noticeably, phenylbutazone) are 
enolic adds. To the clinician this division is probably 
academic. However, as knowledge of the cyclooxygen¬ 
ase isoenzyme system increases, it has been proposed that 
it will prove possible to identity the features of individual 
agents in each group that affect their relative affinities 
lor COX-1, COX-2, and any other form of COX. For 
instance, the acetic acid derivative sulindac has been 
shown to be 100 times more active against COX-1 than 
COX-2, whereas the related compound diclofenac is 
slightly more active against COX-2. Carprofen is equi- 
potent against COX-1 and COX-2, and naproxen is rela¬ 
tively more potent in its effect on COX-2, This knowl¬ 
edge should contribute to the development of the “ideal" 
anti-inflammatory acetic acid or propionic add deriva¬ 
tive. 

Phenylbutazone 

Phenylbutazone is the most w idely used NSAID in the 
horse. Although the plasma elimination half-life (Tiq) 
is the traditional way of assessing the duration of action 
of various drugs, including antibiotics and anti-inflam¬ 
matory agents, many NSAIDs demonstrate different ki¬ 
netics at the tissue level. With phenylbutazone, although 
the Tj /2 is 4 to 8 hours, the inflammatory exudate T\a 
is 24 hours. 1 s Similar results have been reported in the 
horse for flunixin, ineloxicam, and carprofen. 17 

The drug is considered relatively nontoxic at repeated 
doses of 2.2 mg/kg twice a day or less. 1 Because of the 
extended duration of action of phenylbutazone in in¬ 
flammatory exudate, single daily dosing (4.4 mg/kg) 
seems to suffice in most cases. Although it is called a 
NSAID, like most cyclooxygenase inhibitors phenylbu¬ 
tazone inhibits prostaglandin synthesis at much lower 
doses than those required to suppress edema and leuko¬ 
cyte accumulation in inflammatory foci. It is therefore 
most likely to be useful where PGK 2 plays a major role. 
Increased PGEj production has been demonstrated a 
number of times in joint disease in the horse. PGE 2 also 
has the ability to amplify the pain-inducing properties 
of histamine and bradykinin.* Phenylbutazone is consid¬ 
ered to exert its analgesic effect in part by inhibiting the 
production of PGE* peripherally at sites of inflamma¬ 
tion. In addition, recent evidence highlights a prostaglan¬ 


din-dependent component of pain mediated at the spinal 
level, and NSAIDs also exert some action at this level.' 
Because the major signs of inflammation such as swelling 
result from the accumulation of leukocytes and protein¬ 
aceous fluid at the site of injurv and infection, it is rea¬ 
sonable that inhibition of a single mediator such as PGE» 
is hardly going to have an effect on leukocyte infiltration. 
Clinical experience suggests that phenylbutazone can 
provide anti-inflammatory benefits such as reduction in 
edema associated with surgical wounds. However, such 
an effect, which has been seen at clinical doses of other 
NSAIDs such as carprofen and ketoprofen, has been dif¬ 
ficult to demonstrate experimentally for phenylbuta¬ 
zone. PGE 2 also plays a major role in pain production. 
Phenylbutazone definitely has a pronounced analgesic 
effect, and although more marked anti-inflammatory ef¬ 
fects have not been demonstrated scientifically, it is con¬ 
sidered to work well clinically. It is commonly used as 
a first line of treatment with minor joint injuries. 

The usual accepted dosage for phenylbutazone is 4.4 
mg/kg/day (administered once or twice daily). In severe 
musculoskeletal problems such as laminins, double this 
dosage has been used, hut this should only he done for 
brief periods, and augmentation with opioid-type anal¬ 
gesics would probably be preferable. High dosages of 
phenylbutazone (15 or 30 mg/kg/day) cause anorexia 
and depression, with death occurring in 4 to 7 days, A 
dose of 8.8 mg/kg is toxic if repeated on a daily basis. 
Leukopenia as well as a marked reduction in total serum 
protein level has been reported after 14 days at this dose 
rate. : Postmortem examinations performed on horses, 
ponies, and foals dying of phenylbutazone toxicity have 
revealed gastrointestinal ulceration, renal papillary ne¬ 
crosis, and vascular thrombosis. Sites of ulcers included 
the glandular portion of the stomach and the small and 
large intestine. In addition, animals given phenylbuta¬ 
zone orally exhibited prominent ulcerations of the oral 
cavity. This appears to be a local effect, as it was seen 
in two horses given phenylbutazone orally hut not in 
two animals given the same dose intravenously. Renal 
papillary necrosis seems to be dose dependent, with mild 
lesions occurring in a horse given 8 mg/kg/day and more 
extensive necrosis involving the tubular epithelial cells in 
horses receiving 15 or 30 mg/day. Remember that from a 
clinical point of view, the toxic effects of NSAIDs are 
additive, since many of these result from their common 
ability to inhibit cyclooxygenase. It is, however, common 
to sec animals respond that have been given flunixin after 
the failure of phenylbutazone and vice versa, and admin¬ 
istration of the two drugs together also occurs. Therefore 
it is recommended that when the clinically recommended 
dose of an NSAID fails to give adequate analgesia, an¬ 
other type of analgesic such as an opiate or an ai agonist 
should be used. Phenylbutazone should be used with care 
in old and debilitated animals, in whom it is less effi¬ 
ciently metabolized and eliminated. 1 It has been argued 
that phenylbutazone is relatively disappointing as an 
anti-inflammatory agent in terms of reduction of edema 
and leukocyte infiltration inro inflammatory foci. 9 It 
may he that newer drugs will provide more effect at this 
level. 

Aspirin (AcetylsaUcylic Acid) 

Acetylsalieylate differs from other NSAIDs in its abil¬ 
ity to acetylate and thereby irreversibly inhibit cyclooxy- 
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genase. This has a profound effect on platelet function. 
Aspirin is commonly administered at about 25 to 55 mg/ 
kg orally. Aspirin has had limited clinical use in the 
horse. 1 However, its unique effect on platelets at low 
dose rates would suggest a rationale for its use in condi¬ 
tions such as navicular syndrome, chronic laminitis, and 
thromboembolic colic in which vasoactive agents are ad¬ 
vocated and have been found of some value. Daily dosing 
or even administration of aspirin every 2 days should 
reduce clotting and thrombus formation in horses. 


Meciofenamic Acid (Arquel) 

Meclofenamic acid Ls used in the oral granule form 
at a dosage of 2.2 mg/kg/day. Compared with other 
NSAIDs it has an onset of action that is slow, requiring 
36 to 48 hours for full effect.** Clinical experience sug¬ 
gests that it is particularly useful in the treatment of 
chronic musculoskeletal problems. M In clinical trials 
with 304 horses, it benefited 78% of the horses with 
navicular syndrome, 76% of those with laminitis, and 
61 % of those with OA. 6 In a double-blind study compar¬ 
ing 7-day treatments of phenylbutazone (4.4 mg/kg) and 
meclofenamic acid (2.2 mg/kg), meclofenamic acid pro¬ 
duced a favorable clinical response in 60% of the animals 
suffering from navicular syndrome or OA, whereas 
phenylbutazone only benefited 36% of such patients. 1 
However, the drug has not achieved routine use because 
of the differential costs. 

Excessive doses of meclofenamic acid produce signs 
of toxicity similar to those of phenylbutazone (the dose 
13 to 18 mg/kgh Signs include anorexia, depression, 
weight loss, edema^ diarrhea, oral ulceration, and re¬ 
duced hematocrit. 1 


Flunixin (Banamine, Finadyne) 

Flu nix in is used clinically in the horse at a dose of 1.1 
mg/kg. Whether it is given orally or parenterally, the 
onset of action occurs after about 2 hours and persists 
for as long as 30 hours. ' The maximal effect is obtained 
between 2 and 16 hours. Because the drug has a short 
plasma half-life, it is assumed that there is accumulation 
of the drug at inflammatory foci (the measured range is 
1.6 to 2.5 hours for tj/z). Flunixin is rapidly absorbed 
after oral intramuscular administration, with plasma lev¬ 
els occurring within 30 hours. Like all NSAIDs except 
salicylate, it is more than 90% protein bound. In experi¬ 
mental systems for studying inflammation, a single intra¬ 
venous dose of 1.1 mg/kg of flunixin suppressed PGE 2 
production in inflammatory exudates for 1 1 to 24 hours. 
This dose also inhibited the ex vivo production of throm¬ 
boxane ETXB2 by equine platelets. Flunixin has been 
used most frequently for the treatment of colic, but it is 
useful in the treatment of lameness in horses. However, 
for economic reasons phenylbutazone is preferred when 
the latter drug is efficacious. 

No adverse clinical or biochemical signs have been 
recorded in horses given three times the recommended 
dose of flunixin for 10 days or five rimes the recom¬ 
mended dose for 5 days. However, toxicity has been re¬ 
ported in ponies and foals. 


Naproxen (Equiproxen, Naprosyn) 

Naproxen is given orally at a dose of 10 mg/kg. It is 
used much less than phenylbutazone for musculoskeletal 
conditions. It was originally marketed primarily for mus¬ 
cular conditions, but experience in humans shows it ro 
be very valuable in joint conditions. Naproxen has rela¬ 
tively close anti-inflammatory and analgesic doses and 
would therefore be expected to have a greater anti-in¬ 
flammatory effect than drugs such as phenylbutazone 
and aspirin. Naproxen does indeed seem to be more ef¬ 
fective than phenylbutazone in an experimental model of 
equine myositis. In horses with clinical cases of azoturia, 
naproxen produced a favorable response in 90%, with 
an average time for remission of 5 days* 2 Naproxen also 
seems to have a wide safety margin, with no sign of toxic¬ 
ity in horses given the drug at three times the recom¬ 
mended dose Tor 42 days. 

Carprofen (Zenecarp, Rimadyl) 

Carprofen is a relatively recent addition to the NSAID 
armamentarium. It has a longer tj/j than the other 
NSAIDs. It is used in the horse at a dose of 0.7 mg/kg 
administered intravenously and can be given once daily. 
Carprofen has been tested in the horse for its anti-inflam¬ 
matory and analgesic activity. A single dose of 0.7 mg/ 
kg reduced the concentration of PGE 2 and inflammatory 
exudate for up ro 8 hours and the ex vivo generation of 
TXB2 in blood for up to 15 hours. 11 The reduction in 
ckosanoid production by carprofen was modest com¬ 
pared with the reductions produced by therapeutic doses 
of phenylbutazone and flunixin. 1 * However, carprofen 
demonstrated an anti-inflammatory effect at 12, 24, 36, 
and 48 hours by way of reduced volume of a swollen 
area experimentally created in the necks of ponies. 1 ** 
Subsequent studies nave demonstrated greater inhibition 
of PGE 2 and inflammatory exudate by carprofen at 4 mg/ 
kg administered intravenously, and this dose also causes 
moderate but significant inhibition of 1.TB4, which indi¬ 
cates inhibition of 5-lipoxygenase at the high dose rate. 
Carprofen is better tolerated at the dose of 0.7 mg/kg 
given by the oral or intravenous route. Intramuscular 
administration resulted in an increase in CPK levels, sug¬ 
gesting muscle damage.* * In a randomized, controlled 
study of OA in dogs, carprofen was of significant ben¬ 
efit. 

Ketoprofen (Ketofen) 

Ketoprofen (Ketofen) was originally marketed as a 
dual inhibitor of cyclooxygenase and 5-l»poxygcnasc. 2 
Such activity would broaden the anti-inflammatory po¬ 
tential of the compound, in theory making it superior to 
other NSAIDs. However, such claims are based on early 
in vitro data and have been challenged with results from 
experimental models in rats. Ketoprofen had no effect 
on LTB-4 concentration in such models at doses that 
produced virtually 100% inhibition of PGE-* and TXB- 
2 production.-" In two studies involving ketoprofen and 
exudate eicosanoid concentrations in the horse, the drug 
significantly reduced PGEj but not I.TR-4 levels. The 
dose rate used was 2.2 mg/kg once or twice daily (two 
doses). In another study, synovitis was induced in the 
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midcarpa I joints of 12 horses by injection of carra¬ 
geenan. Although intravenous administration of keto- 
profen significantly reduced PGK> concentrations in sy¬ 
novial fluid at 6 and 9 hours after administration, the 
L I B-4 levels were unaffected. Joint effusion was reduced 
at 3 hours, and lameness was reduced at 3 and 6 hours 
after ketoprofen treatment.' 5 At clinical doses of 2.2 mg/ 
kg/day, the drug should not be considered superior to 
other NSAIDs on the basis of claims about its ability to 
inhibit 5-lipoxygenase. 

In a recent study with experimentally induced synovi¬ 
tis in horses (sterile carrageenan), the analgesic and anti¬ 
inflammatory effects of ketoprofen (2.2 and 3.6 mg/kg) 
and phenylbutazone (4.4 mg/kg) were compared. All 
NSAID-treated horses had PGF.v, compared with saline- 
treated horses. The effect lasted longer with phenylbuta¬ 
zone-treated horses than with ketoprofen-treated 
horses.'* There were no treatment effects on leukotriene 
B4 (which supposedly happened if ketoprofen was in¬ 
deed inhibiting the lipoxygenase pathway). Only phenyl¬ 
butazone treatment reduced lameness, joint temperature, 
and synovial fluid volume. The conclusion was that 
phenylbutazone was more effective than ketoprofen in 
reducing lameness, joint temperature, synovial fluid vol¬ 
ume, and synovial fluid PGE 2 . The results do not support 
lipoxygenase inhibition by either NSAID. 
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MEDICATIONS FOR JOINT DISEASE: 
INTRAARTICULAR CORTICOSTEROIDS 

Although it has been implied by some that intraarticu- 
lar corticosteroids have been replaced by HA and 
PSGAG, many clinicians have returned to, or persisted 
in the use of, corticosteroids.' 4 The untoward effects of 
intraarticular corticosteroids in horses have been repeat¬ 
edly cited in the veterinary literature and more recently 
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in the lay press. The first report of intraarticular cortico¬ 
steroid use was in 1955.^' More recently, various investi¬ 
gators have attempted critical evaluations of the effects 
of corticosteroids in equine joints, 5 * 9 " 11,20,59,4 * 4 * and 
these results arc helping to delineate a more definitive 
role for these agents in the management of joint disease. 

Historical Perspectives 

Wheat first reported the use of hydrocortisone to treat 
clinical muscular conditions in 94 horses and cattle. 14 
This report was followed by a series of investigations by 
Van Pelt and co-workers evaluating a number of cortico¬ 
steroid preparations as treatments for a variety of clinical 
conditions. 11,5 l_5b A few clinical trials have been re- 

E orted since. 1 * 19 ’ 30 ’ 44,57 Mostly favorable results have 
een reported, but all studies were poorly controlled. 

The first paper indicting corticosteroids as harmful in 
the horse was written by O’Connor tn 1968. 54 The re¬ 
port was based on some papers in the human literature. 
The statement “An endless destructive cycle is set into 
motion, which if continued will produce a steroid ar¬ 
thropathy which can render the horse useless" was cited, 
and the reference was an abstract written by an anony¬ 
mous author. 1 Six other human-based references (four 
textbook chapters and two journal papers) were quoted 
in this paper, and one of them alluded to corticosteroids 
producing Charcot-likc arthropathy. Charcot’s arthrop¬ 
athy is a neurogenic disease that results in the loss of 
sensation, loss of proprioceptive control, instability, and 
arthritis (most often seen as a sequel to syphilis). There 
has never been any scientific demonstration of a compa¬ 
rable response associated with corticosteroid use m 
horses. 

A noted veterinary pharmacologist made some rather 
alarming statements in discussing corticosteroids in his 
text book. 45 ' Examples include “A patient on corticoste¬ 
roids can walk all the way to the autopsy room" and “A 
horse can wear a joint surface right down to the bone 
running on a glucocorticoid-injected joint." Photo¬ 
graphs of a normal fetlock from an immature horse and 
a severely degenerative fetlock (that had been injected 
with corticosteroids) were also included. However, no 
substantiation was made for corticosteroids causing such 
gross damage. Instances of DJD caused by corticoste¬ 
roids were persistently presented without proof of such 
pathogenesis. 41 

More recently, the beneficial versus deleterious effects 
of corticosteroids have been revisited in humans 14 t5,32, 
43,58 and in horses, ' Recent studies have looked at the 
morphologic and biochemical changes in equine articu¬ 
lar cartilage under the influence of corticosteroids, with 
or without the added effect of exercise, , ’ 5 * 9,19,48 as well 
as articular cartilage matrix metabolism and synovial 
membrane hyaluronan production under the influence 
of corticosteroids. * ' 11 Much new information has 
been gained, and it is clear that many previous generali¬ 
zations are wrong and that there arc many differences 
with regard to the type and dose of corticosteroid used, 
as well as the reaction of individual tissues. 

Effect of Corticosteroids 

Corticosteroid effects have been reviewed recently. 1 
They are exerted through interaction with steroid-spe¬ 


cific receptors in the cytoplasm of steroid-responsive 
tissues, 21,53,43 The corticosteroid binds to the receptor, 
resulting in a change in the allosteric nature of the recep¬ 
tor-steroid complex. This then allows the complex to 
bind reversibly to specific sites on the nuclear chromatin 
of glucocorticoid-responsive genes. Different corticoste¬ 
roids interact differently with these receptors. 25 Due to 
this interaction, transcription of genes is modulated in 
messenger RNA coding for proteins, and this produces 
the hormonal effect. 21,45 

Corticosteroids are potent anti-inflammatory agents 
and inhibit inflammatory processes at virtually all levels. 
Traditionally, the primary anti-inflammatory effect of 
corticosteroids has been related to stabilization of lyso¬ 
somal membranes, with a concomitant decrease in the 
release of lysosomal enzymes. However, the anti-inflam¬ 
matory effects are considerably more complex than this. 1 
Glucocorticoid receptors have been demonstrated tn 
neutrophils, lymphocytes, and eosinophils, and it is pos¬ 
sible that all glucocorticoid anti-inflammatory effects are 
exerted through receptor-mediated mechanisms. 1 A 
major effect of corticosteroids is their inhibition of move¬ 
ment of inflammatory cells (including neutrophils and 
monocyte-macrophages) into a site of inflamma¬ 
tion. 1 ' 25,3,4 1 Corticosteroids also affect neutrophil func¬ 
tion but to a lesser extent than movement, and the effect 
on neutrophil function seems to be dose dependent. 2,21, 
53,45 It has been suggested that at physiologic (lower) 
doses of corticosteroids, the effects on neutrophilic 
phagocytosis, lysosomal membrane stabilization, and in¬ 
hibition of lysosomal enzyme release and neutrophilic 
chcmotaxis may be less significant to how corticoste¬ 
roids elicit their effect than previously believed. 2 There 
is also some evidence that the inhibitory effects of corti¬ 
costeroids on prostaglandin production by leukocytes is 
more profound on monocytes-macrophages than it is 
on neutrophils. 1111 A poor correlation has been reported 
between neutrophil numbers and PGK^ concentrations 
in synovial fluid after corticosteroid treatment of chronic 
inflammatory joint disease in humans, suggesting either 
alternative sources of prostaglandin (macrophage) or 
differential effects of corticosteroids on cellular func¬ 
tion. 4 

Corticosteroids affect the humoral aspects of inflam¬ 
mation, predominantly by inhibition of prostaglandin 
production. 1,4,37,49 Much evidence supports inhibition 
of the generation of proinflammatory metabolites (pros¬ 
taglandins) from arachidonic acid as the primary mecha¬ 
nism of anri inflammatory action of corticosteroids (Fig. 
7.22). 4,3 ,49 This action is considered to be largely due to 
the inhibition of phospholipase A> by the steroid induci¬ 
ble group of proteins called lipocortins b,7,57,49,6t> 
NSAIDs exert their effect at an adjacent location along 
the pathway of cicosanoid production, with corticoste¬ 
roids being effective at inhibiting both the cyclooxygen¬ 
ase and lipoxygenase pathways and NSAIDs mainly act¬ 
ing hv inhibiting the cyclooxygenase pathway thereby 
limiting production of prostacyclin and thromboxane. It 
has been suggested recently that in addition to inhibition 
of the proinflammatory prostaglandin pathways, corti¬ 
costeroids may have other anti-inflammatory effects at 
different levels, and the finding that some prostaglandins 
also exhibit anti-inflammatory effects complicates the 
complete definition of the anti-inflammatory mode of 
action of corticosteroids. 
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Figure ?.22 Schematic representation of the cyclo-oxygenase 
and ipo-oxygertase pathways of arachidonlc acid metabolism 
demonstrating where corticosteroids exert their influence. 
(Reprinted with permission from Mctiwretth CW, Trotter GW, Eds. 
Joint Disease in the Horse. Philadelphia: WB Saunders, 1996, Fig 
14-3.) 


The cicosanoids are important in both induction and 
maintenance of inflammation, and once produced, they 
can interact with various cytokines. This further compli¬ 
cates accurate definition of modes of action. Many of 
the effects of 11.-1 are associated with stimulation of 
prostaglandin production and inflammation, and TNF is 
known to induce production of PGE 2 in macrophages/' 1 
PGE* has been shown to suppress TNF activity, and 
phospholipase A ■ synthesis is enhanced by IL-1, TNF, 
and Iipo polysaccharide. 

Data on specific activity of protcinascs under the in¬ 
fluence of corticosteroids varies. In one study in humans, 
messenger RNA expression for collagenase and TIMP 
as well as histologic inflammation scores were decreased 
after triamcinolone administration in arthritic joints/ 
However, corticosteroids did not suppress stromelvsin 
activity by activated equine synovial cells in vitro/ In 
another study in humans, the presence of hydrocortisone 
caused decreased PGE> concentrations, increased TIMP 
concentrations, and decreased collagenase concentra¬ 
tions in normal, osteoarthritk, and rheumatoid svnovial 
membranes/ 8 

Low doses of corticosteroids have also been associ¬ 
ated with inhibition of plasminogen activator activity in 
human synovia) fibroblasts/' Although HA synthesis 
has been observed to be decreased by corticosteroids in 
cultures of human skin fibroblasts as well as canine svno¬ 
vial membrane/ 4,4 ' synovial fluid concentrations o/ HA 
were increased after intraarticular corticosteroid injec¬ 
tion in horses. 511 

A number of early reports described deleterious ef¬ 
fects of corticosteroids on normal articular carti¬ 
lage. ,7,24 * 25 ' llt ‘ 4 ' 1,41 Cortisone acetate administration in 
mice resulted in a decrease in chondrocyte size and im¬ 
paired organelle development in association with both 
single and repeated systemic corticosteroid injections. 40 
A study of intraarticular corticosteroids (once weekly 


for 2 to 12 weeks) in rabbits noted progressive loss of 
endoplasmic reticulum, mitochondria, and Golgi appa¬ 
ratus. 4 1 The same author also noted progressive loss of 
proteoglycans as well as an overall decrease in protein, 
collagen, and proteoglycan synthesis, and gross evidence 
of cartilage thinning, fibrillation, and fissuring. In many 
of these studies, corticosteroids were administered daily 
for periods of up to 12 weeks or very high dosages were 
used. 

Equine Studies 

Methylprednisolone Acetate (Depo-Medrol) 

A number of studies have evaluated the effect of meth¬ 
ylprednisolone acetate (MPA) injected into normal 
equine joints. The first was done by Marcoux in 1977/* 
Methylprednisolone (80 mg) was injected into equine 
carpal joints, and the response was compared with the 
response to repeated injections of blood (simulating hem- 
arthrosis). Marcoux injected 80 mg of MPA per joint 
in all four carpal joints of six horses for a total of five 
injections. The four joints of each horse were in leered 
with either 80 mg of MPA, MPA plus blood, blood 
alone, or the vehicle associated with corticosteroid; two 
joints of each horse therefore received MPA. The author 
concluded that repeated injections did not have any di¬ 
rect toxic effects on the articular cartilage and that injec¬ 
tion of the vehicle did not alter the articular structures. 
However, evaluation methods were not well described. 
Levels of MPA were still elevated in the joint 47 days 
after a single injection. White deposits were also noted 
in the synovial membrane of all MPA-injected joints. 

In a second study, eight mature horses with no prior 
signs of joint disease or history of intraarticular therapy 
were treated with eight wxekly intraarticular injections 
of MPA/ Treatments were given at a dose of 120 mg/ 
joint into the antebrachiocarpaI (radiocarpal) and mid¬ 
dle carpal (intcrcarpal) joints, with the left joints used 
as untreated controls. There were no gross differences, 
but chondrocyte necrosis and hypocellularity were ob¬ 
served, and the rates of proteoglycan and collagen syn¬ 
thesis were reduced in MPA-injected joints. After eight 
weekly injections, the proteoglycan content of the articu¬ 
lar cartilage was reduced to 56.52% of the control val¬ 
ues, and the proteoglycan content decreased further at 
4- and 8-weck recovery periods to 40.77 and 35.17% of 
the control values, respectively. The rate of proteoglycan 
synthesis as measured by 1 S0 4 uptake was reduced to 
17,04% of the control values after the last injection. 
Four and 8 weeks later, the rates of synthesis increased 
to 55.31 and 71.28% of the control values, respectively, 
indicating a positive response. The authors asked 
whether cartilage that had lost 50% of its proteoglycan 
would be vulnerable to breakdown with exercise. The 
doses used in this study arc high, and with both joints 
injected, they become particularly high. 

In a third study, wc injected 100 mg MPA three times 
at 2-weekly intervals into the middle carpal (oincs of four 
normal horses, and tissues were collected 2 weeks after 
the last injection. 48 Horses remained clinically normal 
during the study, and no significant radiographic 
changes were observed. However, safranin O matrix 
staining intensity and uronic acid content were signifi¬ 
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cantly lower in the treated joints. Articular cartilage fi¬ 
brillation was not evident in any joints. The latter two 
studies did show, however, that some regressive changes 
occurred to normal equine articular cartilage when 6or- 
MPA was used. 

MPA has also been evaluated using equine osteochon¬ 
dral fracture models. 9 * 1 I * JI Synovitis is a common feature 
of all of these. Meagher created large osteochondral frac¬ 
tures of the distal aspect of the radial carpal bone bilater¬ 
ally in five horses, using arthrotomy; another horse was 
used as a nonoperated control. Fragments were 1 cm 
wide and 2.5 cm long, which is more like a slab fracture. 
Three weeks later these horses were galloped for 4.5 to 
5 miles by chasing them around a pasture in a pickup 
truck. One middle carpal joint received 120 mg of MPA; 
the other one was an untreated control. The first injec¬ 
tion was given 3 weeks after surgery, and injections were 
repeated every 2 weeks for four injections. Horses were 
galloped from the 22nd day until the 78th day. Changes 
occurred, including cartilage erosion and periarticular 
proliferation in the nontreated joints (probably related 
to instability or arthrotomy), with change being more 
severe in the joints injected with MPA. This study was 
considered to confirm previous statements that adequate 
rest is required after injection of intraarticular corticoste¬ 
roids. 

Most recently, we have reevaluated the effects of in- 
traarticularly administered MPA in exercised horses 
with our arthroscopic carpal osteochondral fragmenta¬ 
tion model. Eighteen horses were randomly assigned to 
one of three groups (six horses in each group). An osteo¬ 
chondral chip fragment was created in one randomly 
chosen middle carpal joint of each horse. Both middle 
carpal joints in the placebo-control group (CNT) horses 
were injected intraarticularly (IA) with a polyionic fluid. 
The MPA-control group horses (MPA CNT) were in¬ 
jected with 100 mg of MPA IA in the middle carpal joint 
without an osteochondral fragment, and the opposite 
middle carpal joint was injected with a similar volume 
of polyionic fluid. The MPA-treated group horses (MPA 
TX) were treated with 100 mg of MPA IA in the joint 
that contained the osteochondral fragment, and the op¬ 
posite middle carpal joint was injected with a single vol¬ 
ume of poly ionic fluid. All horses were treated IA on 
days 14 and 28 after surgery and exercised on a high¬ 
speed treadmill for 6 weeks, starting on day 15 after 
surgery. 

In this experiment there was no significant clinical 
improvement in the degree of lameness associated with 
MPA administration. The lack of significant reduction 
of joint pain (manifested by lameness) was in contrast 
to our previous work with triamcinolone acetonide (TA) 
and also with anecdotal reports of decreased lameness 
associated with the clinical use of MPA. Joints that con¬ 
tained an osteochondral fragment and were treated with 
MPA had lower prostaglandin E 2 concentrations in the 
synovial fluid and lower scores for intimal hyperplasia 
and vascularity (there was no effect on cellular infiltra¬ 
tion) in synovial membrane than placebo-treated joints. 
However, other parameters observed postmortem and 
evaluated in the articular cartilage (histologic and histo- 
chemical evaluation of articular cartilage GAG content 
and rate of GAG synthesis) suggested possible deleter¬ 


ious effects of intraarticular MPA administration com¬ 
pared with controls. 

There was lower synovial fluid volume in ID of 12 
MPA-treated joints, independent of fragmentation. 
These findings are compatible with anecdotal clinical re¬ 
ports of “red, dry joints** in association with MPA ad¬ 
ministration and are in contrast to results with intraartic¬ 
ular administration of TA in which similar color or 
volume changes were not seen. There was also a higher 
color score attributable to MPA plus fragmentation. Sy¬ 
novial fluid protein concentration was higher in frag¬ 
mented joints, but on day 72 after surgery, all joints from 
horses receiving MPA treatment had significantly more 
total protein in the synovia) fluid than nonf ragmen ted 
joints in the control group horses. Fragmented joints 
from MPA-control group horses had higher total protein 
concentrations in the synovial fluid than did fragmented 
joints or control group horses, suggesting that MPA ad¬ 
ministration in a non fragmented joint increased protein 
concentration, compared with saline administration, 
and this also is in contrast to the decreased protein levels 
in synovial fluid after TA administration. 

Significantly higher GAG concentration was seen in 
the synovial fluid from joints injected directly with MPA, 
and this was considered to be a direct result of MPA 
administration. GAG synthesis in the articular cartilage 
decreased under the influence of MPA, so it was felt that 
increased fluid GAG levels were most likely resulting 
from increased degradation of GAG in the articular carti¬ 
lage. Increased HA levels were also associated with MPA 
administration, which has also been reported after ad¬ 
ministration of other corticosteroids. 1 In addition, all 
joints receiving MPA treatment had significantly poorer 
modified Mankin scores on histologic evaluation, illus¬ 
trating the deleterious effect of intraarticular adminis¬ 
tration of MPA on articular cartilage. This is again in 
contrast to the lack of deleterious effects with betametha¬ 
sone 1 and the improvement in Mankin scores associated 
with TA administration. 11 Although a significant loss of 
safranin O-fasr green (SOFG) staining is observed in 
nonfragmented joints treated with MPA, compared with 
the contralateral joints, no differences between joints 
were observed in the MPA-treated or control groups, 
and there was poor correlation between SOFG staining 
and biochemical analysis of the GAG content of the artic¬ 
ular cartilage. Recent studies question the accuracy of 
SOFG staining in assessing the (i AG content of the artic¬ 
ular cartilage, 2 and we feel that the results of SOFG 
staining need to be interpreted with caution. 

Biochemical analysis of the total articular cartilage 
GAG content did not reveal a detrimental effect with 
MPA treatment. However, cartilage from joints opposite 
those receiving MPA had significantly higher GAG con¬ 
tent than either contralateral joints or joints from the 
control group horses. This suggests that there may be 
a beneficial remote effect on GAG content of cartilage 
associated with MPA administration. Similar remote ef¬ 
fects were seen with TA. Although total articular carti¬ 
lage GAG content was not adversely affected by MPA 
administration, GAG synthesis on day 72 after surgery 
was lower in MPA-treated joints than in joints from con¬ 
trol horses, suggesting a direct negative effect on articu¬ 
lar cartilage GAG synthesis associated with MPA treat¬ 
ment. This is in contrast to previous data following TA 
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administration, which showed no negative effects on the 
rate of GAG synthesis, but is consistent with previous 
in vitro and in vivo studies. 

In conclusion, there was no significant clinical im¬ 
provement in lameness associated with MPA, although 
there was a decrease in PGE 2 levels in the synovial fluid 
and lower synovial membrane vascularity and tntimal 
hyperplasia scores. On the other hand, there were dele¬ 
terious effeers on articular carriage with direct adminis¬ 
tration of MPA, with possible deleterious effects associ¬ 
ated with MPA in the contralateral joint. These findings 
are in contrast to the positive effects seen when TA was 
assessed using the same model hut arc consistent with 
previous studies in which MPA was administered intra- 
articularly in normal and abnormal joints. Our studies 
furt her con firm the potential detrimental effects of MPA 
in articular cartilage in horses. More recently, the effect 
of intraarricular MPA on the biomechanical properties 
of articular cartilage has been evaluated. 12,1 Eight 2-year- 
old horses had MPA or 2.5 ml. of pH-adjusted polyethyl¬ 
ene glycol, sodium chloride, and Myristyl- y-picolinium 
chloride. They were injected at 14-dav intervals for a 
total of four treatments per horse (100 mg MPA each 
time). Horses underwent a standard treadmill exercise 
protocol until euthanasia at day 70. There were signifi¬ 
cant differences demonstrated between intrinsic material 
properties and thickness of the cartilage between MPA- 
treated and diluent-treated joints. Diluent-treated carti¬ 
lage had a 97% increase in compressive stiffness modu¬ 
lus, was 121% more permeable, and had an 88% in¬ 
crease in shear modulus compared with MPA-treatcd 
articular cartilage. Diluent-treated cartilage was also 
24% thicker than MPA-treatcd cartilage. These findings 
indicate that repetitive intraarricular administration of 
MPA to exercising horses alters the mechanical integrity 
of articular cartilage, which could lead to early cartilage 
degeneration. 

In another study, the effect of MPA was tested in 
joints that also had lipopolysaccharide-induced synovi¬ 
tis. Intraarricular MPA alone was associated with de¬ 
creased proteoglycan synthesis and increased protein 
and collagen synthesis in the articular cartilage. Total 
protein synthesis by synovial membrane was also in¬ 
creased by MPA alone. In contrast, no differences in pro¬ 
tein or proteoglycan synthesis were observed in explants 
from the joints with synovitis, with or without intraarric¬ 
ular MPA. The results suggested that the effect of intra- 
articular MPA on joint metabolism differed in inflamed 
and normal joints. The authors also suggested caution 
in interpretation of in vitro culture results when investi¬ 
gating the effect of intraarricular corticosteroids on 
chondrocyte function, 46,1 Caron ct al. showed that MPA 
inhibited the stimulation of MMP-13 expression by 
rhIL-la. 4 * 

We have recently done an in vitro study with cartilage 
explants to try to determine a minimally effective dose 
for MPA. A traditional dose in a carpal joint, for in¬ 
stance, has been 100 mg. Our hypothesis was that we 
could perhaps inject considerably less MPA and still have 
the same effect. Clinical reports from equine veterinari¬ 
ans confirm that they indeed do get clinical responses 
with lower doses. However, in our in vitro study using 
human recombinant IL-1 with equine cartilage explants, 
we needed a dose equivalent to 100 mg to achieve effec¬ 


tive suppression of IL-1-mediated degradation in the 
cartilage. We plan to do this work again with our newly 
acquired equine IL-1. 

In the meantime, we need to be cautious with the use 
of MPA. We should try to use as low a dose as possible 
and be well aware of the deleterious side effects. Person¬ 
ally, I prefer using betamethasone or TA (described 
below). 


Betamethasone 

Using an osteochondral fragment-exercise model that 
we developed, we evaluated betamethasone esters. Os¬ 
teochondral fragments were created arthroscopically on 
the distal aspect of both antebrachiocarpal bones in 12 
horses to evaluate the effects of intraarricular betametha¬ 
sone with and without exercise, 11 One middle carpal 
joint of each horse was injected with 2.5 ml. of betameth¬ 
asone 14 days after surgery, and the procedure was re¬ 
peated at 35 days. The opposite joint was injected with 
2.5 mL of saline as a control. Six of the horses were 
maintained in box stalls throughout the study as noncx- 
ercised controls, and six were exercised 5 days per week 
on a high-speed treadmill with a regimen of 2 minutes 
trot, 2 minutes gallop, 2 minutes trot. Three weeks after 
the second injection, horses were clinically examined for 
lameness and synovial effusion, radiographs were taken, 
and the horses were euthanized. 

Mild lameness was seen in all horses in the exercised 
group at the end of the study. Four of these were lame in 
the saline-injected limb, one in the corticosteroid-treated 
limb, and one had bilateral lameness. Of the five nonex- 
ercised horses evaluated for lameness (one horse was re¬ 
moved from the study), two were lame in the saline- 
injected joint, two in the steroid-treated limb, and one 
was sound. No differences between the steroid-treated 
limbs and the control limbs in cither exercise group were 
noted on radiographs or on palpation. Firm reattach- 
meiu of the osteochondral fragment was seen in all but 
three joints. Gross articular cartilage damage subjec¬ 
tively seemed worse in the exercised horses, but steroid- 
and saline-treated joints of the same horse did not differ. 
The results of histologic examination showed no consis¬ 
tent detrimental effects of betamethasone, with or with¬ 
out exercise. Histochemical staining showed a decrease 
in GAGs in the steroid-treated limbs of rested horses, 
although the decrease was not significant at P < .05. 
The exercised horses had similar levels of GAGs in 
treated and control joints. Chemical assays showed no 
significant difference in water content or uronic acid con¬ 
centration (a measure of GAG content) of the treated 
and control joints. The use of betamethasone in this car¬ 
pal chip model showed no consistent detrimental effects 
in either rested or exercised horses. This was our first 
evaluation of an intraarticular corticosteroid using our 
arthroscopic fragmentation-exercise model. At that 
stage our laboratory was not doing good biochemical 
analyses of GAG content or GAG synthetic rate. In sub¬ 
sequent experiments, we have modified our fragmenta¬ 
tion (to increase the severity of synovitis and decrease 
the tendency for healing of the fragment) and also arc 
evaluating the articular cartilage by more sophisticated 
means. 
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This paper also addressed the question of whether 
exercise after corticosteroid injection causes significant 
deleterious effects on articular cartilage, at least in the 
sht>rt term. It showed that exercise did not harm articular 
cartilage exposed to betamethasone. It implied that there 
may be considerable differences in metabolic responses 
of articular cartilage to the various corticosreroids used 
routinely and also pointed out that no evaluation of ther¬ 
apeutic dose (in the way of dose titration studies) has 
ever been done with any of the intraarticular corticoste¬ 
roids used in the horse. 2 * 

Triamcinolone Acetonide 

Our work with TA suggests that it may indeed be 
chondroprotective in the horse. 11 In this study 18 horses 
were trained on a high-speed Treadmill and then had an 
osteochondral fragment created at the distal aspect of 
the radial carpal bone of one randomly chosen midcarpal 
joint. Six horses were treated with intraarticular injec¬ 
tion of polyionic fluid in both middle carpal joints 
(CNT), six horses were treated with 12 mg TA intraartic- 
ularly in the middle carpal joint without an osteochon¬ 
dral fragment (the opposite midcarpal joint was treated 
intraarticularly with a similar volume of polyionic fluid 
|TA CNT|), six horses were treated with 12 mg TA in 
the joint that contained the osteochondral fragment (the 
opposite middle carpal joint was treated intraarticularly 
with a similar volume of polyionic fluid) (TA TX). TA 
and placebo treatments were repeated on days 13 and 
27 after surgery, and treadmill exercise proceeded 5 days 
per week, beginning on day 14 and ending on day 72. 
Clinical examinations were performed at the beginning 
and end of the study. Synovial fluid samples were ob¬ 
tained from the joints on days 0, 14, 21, 28, 35, and 72 
and analyzed for total protein, nucleated cell counts, HA 
levels, GAG, and PGEi. Euthanasia was done on day 72, 
and synovial membrane samples were taken and assessed 
histologically. Articular cartilage samples were a sept i- 
callv collected to determine GAG content of the cartilage 
as well as GAG synthetic rate. A split plot with repeated 
measures design was used as the statistical model, and 
a multi variant analysis of variance was performed to de¬ 
termine statistical significance of both main and interac¬ 
tion effects of independent variables. 

Horses that were treated intraarticularly with TA in 
a joint containing a fragment (TA TX) were less lame 
than horses in the CNT and TA CNT groups. Horses 
treated with TA in either joint had lower protein and 
higher HA and GAG concentrations in synovial fluid. 
Synovial membrane from CNT and TA CNT horses had 
less inflammatory cell infiltration, inrimal hyperplasia, 
and subintimal fibrosis. Articular cartilage morphologic 
parameters evaluated with a standardized scoring system 
were significantly better from TA CNT and TA TX 
groups, irrespective of which joint received TA. There 
was less staining with SOFG in the TA CNT group than 
in either the TA TX group or the CNT group, although 
the GAG synthetic rate was higher in the TA CNT group 
than in the other rwo groups. 

In conclusion, the results from this study supported 
favorable effects of TA on the severity of clinically detect¬ 
able lameness and on synovial fluid, synovial membrane, 
and articular cartilage morphologic parameters, both 


with direct intraarticular administration and remote site 
administration, compared with effects of placebo treat¬ 
ments. The beneficial effects were recorded in both syno¬ 
vial membrane morphologic and biochemical articular 
cartilage parameters. Increased HA concentrations were 
observed in TA-treated joints, which also suggests a fa¬ 
vorable corticosteroid effect on synoviocyte metabolism. 
This research supports a chondroprotective effect of cor¬ 
ticosteroids in a controlled model of OA and is in marked 
contrast to the detrimental effects of corticosteroids seen 
in in vivo osteochondral fragment models in which MPA 
was used. 

The same study assessed the effect of TA on dynamics 
of bone remodeling and fragility. 211 Third carpal bones 
from joints with fragments showed significantly more 
vascularity, single-labeled surface, and total labeled sur¬ 
face of mineralizing surface in subchondral and subja¬ 
cent trabecular bone. Trends were also seen toward high 
vascular canal volume and osteochondral junction re¬ 
modeling sites in third carpal hones from fragmented 
joints. No significant differences were seen in microda¬ 
mage density or size of fragmented and nonfragmented 
joints. No significant influence of TA treatment was seen 
on any parameter measured. The results from this study 
show that osteochondral fragmentation induces signifi¬ 
cant changes in remodeling of opposing bone and that 
administration of eorricosteroids into joints with frag¬ 
mentation does not significantly alter bone remodeling 
or fragility. This information is particularly useful in 
view of the extrapolation from human clinical work that 
has suggested that intraarticular corticosteroids in horses 
may cause osteoporosis in the adjacent hone. 

In summary, the critical evaluation of intraarticular 
TA administration in this study revealed no substantial 
detrimental effects and some chondroprotective effects 
on joint tissues. 


Clinical Impressions 

There have also been some clinical reports question¬ 
ing the extent of the deleterious effects of corticosteroids. 
McKay and Milne looked at Thoroughbreds that re¬ 
ceived intraarticular corticosteroids on the racetrack. 30 
No conclusive evidence of corticosteroid arthropathy in 
racehorses was seen when there was no prior radio- 
graphic evidence of osseous changes in the joint. In a 
review of case records by Owen in which the imraarticu- 
lar injection of a corticosteroid had been considered to 
result in arthropathy, all subjects had evidence of prior 
osseous changes in the joint, including three cases of car¬ 
pal chip fractures, two of osselets, one of a proximal 
first phalanx chip fracture, and one of a fractured tuber 
scapulae in the shoulder. 33 This author pointed out that 
the term “Charcot’s arthropathy” in humans was some¬ 
times used incorrectly to describe corticosteroid-induced 
arthropathy. Unfortunately, the lay public has been told 
that corticosteroids purely inhibit pain and therefore per¬ 
mit horses to continue to run and to degenerate their 
joints. It would seem that the beneficial effects of cortico¬ 
steroids go far beyond being painkillers. Some of the 
beneficial effects in clinical practice have been outlined 
by Genovese. 11 
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MEDICATIONS FOR JOINT DISEASE: 
SODIUM HYALURONATE (HYALURONAN) 

Hyaluronic acid (hyaluronan) is a linear polydisac¬ 
charide and polvionic nonsulfated GAG. The disaccha¬ 
ride units arc linked by 1 -4 glycosidic bonds to form a 
long, unbranched chain consisting of 10,000 to 12,000 
disaccharide units 9 * 11 forming particles of widely varying 
size (Fig. 7.23). Under physiologic conditions, hyaluro¬ 
nic acid is anionic and associated with monovalent cat¬ 
ions. It has been suggested that when the cation of a 
polysaccharide is undetermined, the compound is prop¬ 
erly referred to as hyaluronan (HA). 11 Estimates of mo¬ 
lecular mass vary and depend on the source of the com¬ 
pound, the method of isolation, and the method used 
for determination. Studies in humans and animals have 
determined the molecular mass of synovial fluid HA to 


Ffeure 7.23 Molecular structure of the hyaluronic acid 
disaocharide. (Reprinted with permission from McBwrafth CW, 
Trotter GW, Eds. Joint Disease in the Horse. Philadelphia: WB 
Saunders. 1996, Rg 15*1.) 


be 2 to 6 million daitons . 11 Concentration of synovial 
fluid HA varies between species and between joints of 
an individual, with the smaller joints generally exhibiting 
a higher concentration. 6 *' 1 The various methods used in 
the determination of equine synovial fluid HA concen¬ 
tration have resulted in a range of normal values. Values 
for normal equine synovial fluid have fallen into the 
range of 0.33 to 1.5 mg/ml, depending on the investiga¬ 
tor and the technique used. The wide range of reported 
values indicates that comparison of absolute values be¬ 
tween studies is impossible. 


HA is an integral component of both synovial fluid 
and articular cartilage in normal synovia! joints. Syno¬ 
vial fluid HA is synthesized by the synoviocyte of the 
synovial membrane. HA that is incorporated in the ex¬ 
tracellular matrix of arricular cartilage is synthesized lo¬ 
cally by the chondrocyte. HA is removed from the joint 
via the lymphatic system. Once in the peripheral circula¬ 
tion, HA is rapid!) taken up, primarily by the liver, and 
degraded by endothelial cells of the hepatic sinu¬ 
soids. 11,18 It has been shown recently that in addition to 
the liver, the articular tissues are capable of local degra¬ 
dation of HA; however, no degradation is apparent 
within the joint cavity. 43 

HA confers viscoelasticity to synovial fluid, and this 
viscoelasticity is proportional to, and dependent upon, 
the concentration and degree of polymerization of HA 
in the fluid , l9M HA is responsible for boundary lubrica¬ 
tion of the synovial membrane and was recently shown 
to be a significant factor in the lubrication of articular 
cartilage. 66 HA may also influence the composition of 
synovial fluid through steric hindrance of active plasma 
components and leukocytes from the joint cavity. Solu¬ 
tions containing HA have the ability to exclude solutes 
and particles from the solution in proportion to the size 
of the particle, concentration, and molecular weight of 
the HA in solution.’ 7,4 ' Solutions containing HA may 
also modulate the chemotactic response within the extra¬ 
cellular fluid of connective tissues through reduction of 
cell migration 0 and reduced rates of perfusion and flow 
of solutes, 4 ’’ 

A molecule of HA is the nucleus of the proteoglycan 
aggregates (aggrecan) in the extracellular matrix ot artic- 


Synthesis and Function of Endogenous 
Hyaluronate 
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Figure 7.24 Potential anti-inflammatory effects of hyaluronan. 
These indude steric inclusion of plasma components and while 
Wood cells from the synovial fluid, inhibition of macrophage 
chemotaxis and phagocytosis, inhibition of neutrophil! function 
through interaction with a cell surface membrane receptor, 
scavenging of free radicals, reduction of the levels of bradykinin 
and prostaglandin (PG)E2, and an increase in cAMP levels. 
(Repnnted with permission from Mcllwraith CW, Trotter GW, Eds, 
Joint Disease in the Horse, Philadelphia: WB Saunders, 1996. 

Fig 15-4.) 


ular cartilage. It is believed that the compressive stiffness 
in articular cartilage depends on the integrity of the ma- 
trical proteoglycans." 1 

Possible Mechanism of Action of 
Exogenous Sodium Hyaluronate 

Beneficial effects after intraarricular administration of 
HA have been reported in a number of equine stud- 
j es i6.z4.j8,5J,58-*i. 47.72 as we |j as studies in other animals. 

The mechanism by which beneficial effects have been 
achieved remains controversial. The therapeutic effect(s) 
of exogenously administered HA may result from sup¬ 
plementation of the actions of depleted or dcpolymcrizcd 
endogenous HA or, alternatively, result from other prop¬ 
erties that have been ascribed to HA on the basis of ex¬ 
perimental work, including modulation of increased syn¬ 
thesis of endogenous HA. The mechanisms by which HA 
has been hypothesized to benefit diseased joints are var¬ 
ied and highly speculative. 

Alterations in synovial fluid HA concentration and 
molecular weight in various pathologic states have been 
described but the results are somewhat conflicting. Gen¬ 
erally there is a reduction in synovial HA concentration 
and molecular weight with equine joint disease. The con¬ 
centration has been reported to be lower in horses with 
traumatic arthritis.** On the other hand, in another 
study, synovial fluid from equine joints with acute trau¬ 
matic synovitis did not differ significantly in HA concen¬ 
tration from fluid from normal joints.*’’ In a third study, 
there was no significant difference in the concentration 
of synovial fluid HA between normal equine joints and 
those with acute or chronic arthritis; however, joints 
with septic arthritis and those with radiographic evi¬ 
dence of OA had lower concentrations than controls. 71 
The molecular weight of synovial fluid HA from nonclin- 
ical equine joints and that from joints with acute or 
chronic arthritis did nor differ significantly. 

The mechanisms by which HA has been hypothesized 
to benefit diseased joints have been varied and highly 
speculative. It has not been determined what concentra¬ 
tion or degree of polymerization of HA is necessary for 
effective intraarricular soft tissue lubrication, in one 
srudy using a synovial membrane assay to evaluate the 
ability of various solutions containing HA to lubricate 
soft tissues, synovial fluid from human rheumatoid ar¬ 
thritis patients had lubricating properties similar to those 
of normal bovine synovial fluid. 66 The half-life of exoge¬ 
nous intraarricular HA injected into normal equine joints 
has been estimated to be 96 hours. 36 The half-life of 
exogenously administered HA is lower in diseased joints. 
In a sheep experimental model the half-life was reduced 
from 20.8 hours in normal joints to 11.5 hours in ar¬ 
thritic joints. 21 However, although most exogenously 
administered HA is rapidly cleared from the joint, a pro¬ 
portion remains associated with synovial tissues. 41 It has 
been suggested that some of the exogenous HA and its 
breakdown products localize in the intercellular space 
surrounding the synoviocytes, influencing the metabolic 
activity of these cells. 26 The mechanism by which exoge¬ 
nous HA produces clinical benefit beyond its presence 
in the joint is of great interest. 


Other effects of exogenous HA have been identified 
experimentally. Anti-inflammatory effects have been 
demonstrated in a number of in vitro studies and include 
an inhibition of chemotaxis of granulocytes and macro¬ 
phages and migration of lymphocytes, as well as reduc¬ 
tion of phagtKytosis by granulocytes and macrophages 
(Fig. 7.24). R, w |9 * 26 ’ /l ' S5 - 49 ’ i5 - T0 It has been suggested 
that the anti-inflammatory effect of HA is the result of 
reduced interaction of enzymes, antigens, or cvrokines 
with target cells through steric hindrance. 1 *’ 20 ’* 8 ’** Re¬ 
cent evidence suggests that reduced chemotaxis and 
phagocytosis of activated neurrophils are mediated 
through the interaction of HA with the CD44 cell recep¬ 
tors of neutrophils. 68 HA inhibited neutrophil-mediated 
degradation in a concentration- and molecular 
weight-dependent fashion, and it has been shown to be 
effective in reducing the production of PGE 2 by II.- 
I-stimulated rabbit chondrocytes. 4,68 In a controlled 
clinical trial in human arthritic patients, HA treatment 
reduced synovial fluid levels of PGE^ and elevated levels 
of cyclic AMP.* 6 These studies suggest that the anti-in¬ 
flammatory properties of HA may be attributable in part 
to its ability to reduce production of soluble inflamma¬ 
tory mediators and to augment signal transduction path¬ 
ways. The proliferation of rabbit synovial cells in culture 
was inhibited by the addition of HA to the culture me¬ 
dium. This effecr depended markedly on the molecular 
weight and concentration of HA. At the molecular 
weight and concentration of HA present in normal syno¬ 
vial fluid, proliferation was inhibited. At lower molecu¬ 
lar weights or concentrations, as found in rheumatoid 
synovial fluid, HA was significantly less inhibitory. 
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Thus, changes in synovial fluid HA associated with ar¬ 
thropathies may contribute to a favorable environment 
for rheumatoid pannus expansion. 11 

Recently, a commercial preparation of 800-kDa HA 
(Artz, Seikagaku Inc.) was rested in an in vitro cartilage 
chondrolytic system. The HA was effective in blocking 
the ability of a fibronectin fragment to cause cartilage 
degradation and release of half of the total cartilage PG 
from cartilage, and this was associated with a decreased 
concentration of fibronectin fragment on the superficial 
cartilage surface and decreased penetration into the cul¬ 
tured cartilage tissue. The blocking activity appeared to 
be associated with the ability of HA ro block penetration 
of the fibronectin fragment rather than with direct effects 
on cartilage tissue. ' In a study evaluating the value of 
HA in a canine stifle immobilization model, it was found 
that the immunolocalization of TNF-« was absent or 
greatly reduced in articular cartilage of the injected stifle 
along with increased retention of proteoglycan histo- 
chemical staining. Immunorcactiviry of TNF receptors 
was similar to that of TNF-o. In this study the pattern 
of distribution of stromelysin in regions where proteo¬ 
glycans were degraded supported the role of stromelysin 
in the destruction of proteoglycans in atrophic articular 
cartilage. 41 •* 


Effect of Molecular Weight 

It has been stated repeatedly that injection of HA into 
a pathologic joint results in increased synthesis of high- 
molecular-weight endogenous HA by synoviocytes. 

* 1, * t> Many of these authors reached this conclusion on 
the basis of a hypothesis by Asheim and Lindblad in 
1976 and opinions expressed by Balazs. 1 ' A direct effect 
on HA synthesis was not clearly demonstrated, however. 
A later in vitro studv demonstrated chat HA at a molecu- 
lar weight above 5 X 10 2 kDa stimulated the synthesis 
of hyaluronate in a concentration-dependent manner. 
However, HA preparations with a molecular weight 
below .5 X 10 2 kDa had little or no effect except at high 
concentrations, when HA synthesis was depressed.* 5 In 
a more recent study on the influence of exogenous HA 
on the synthesis of HA and collagenase by equine synovi¬ 
ocytes (monolayer culture), it was found that exogenous 
HA influenced neither the rate of synthesis nor the hy¬ 
drodynamic size of the newly produced HA by control 
or principal cell cultures. The authors concluded that the 
principal mechanism of action of HA did not appear to 
be stimulation of HA synthesis or augmented molecular 
weight or marked inhibition of collagenase synthesis. 411 
Exposure of synoviocytes from normal and diseased 
joints to a number of commercial HA preparations failed 
to influence endogenous HA biosynthetic activity signifi¬ 
cantly and, at higher concentrations, stimulated colla¬ 
genase synthesis significantly. This study provided some 
objective evidence that HA in the extracellular environ¬ 
ment may modulate the synthesis of HA by synoviocytes. 
Whether these in vitro effects occur in vivo has not been 
clearly demonstrated. It is also possible that normaliza¬ 
tion of synovial fluid HA concentration and molecular 
weight may occur secondarily as a result of other benefits 
derived from the exogenous HA therapy rather than 
through direct pharmacologic effects. 


Direct Effects on Cartilage Healing 

It is doubtful that exogenous HA has any direct effect 
on articular cartilage. There is decreased proteoglycan 
aggregation in articular cartilage with OA (and proteo¬ 
glycan aggregation is mediated by a link protein to an 
HA backbone), and various investigators have demon¬ 
strated in vitro that addition of 11A to a medium of disag¬ 
gregated proteoglycan subunits results in aggregation. 1 * 
In view of these findings, some authors have theorized 
that one of the benefits of intraarticular HA lies in its 
ability to increase proteoglycan aggregation in articular 
cartilage. However, there are no convincing data ro sup¬ 
port proteoglycan-aggregating effects of exogenous HA 
in hyaline cartilage in vivo. If one considers the molecu¬ 
lar size of pharmaceutical HA, it would seem unlikely 
that exogenous HA would gain access to the cell mem¬ 
brane of the chondrocyte. Exogenously administered HA 
has been shown to interact with proteoglycans and the 
chondrocyte cell surface via the HA binding domain of 
the proteoglycan molecule. 

There have been no demonstrated direct effects on 
intact articular cartilage. However, in vitro studies have 
demonstrated that high concentrations of HA suppress 
IL-lo- and TNF-o-induced release of proteogly¬ 
cans from chondrocytes in culture. 64 The influence of 
intraarticularly injected high-mo I ecu lar-weight HA on 
the healing of superficial and deep lesions of the articular 
cartilage in an experimental animal model has been in¬ 
vestigated. 71 The HA injections appeared to have no ef¬ 
fect, either positive or negative, on the heating of intra- 
cartilaginous and osteochondral joint lesions. However, 
the positive effects of high-molecular-weight HA on ex¬ 
perimentally induced cartilage degeneration have been 
recognized. In one study using a partial meniscectomy 
of OA in the rabbit knee, high-molecular-weight HA in¬ 
jected intraarticularly twice a week, starting immediately 
after surgery, inhibited cartilage degeneration in both the 
femoral condyle and the tibia! plateau. High-molecular- 
weight HA offered better protection than a lower-molec¬ 
ular-weight product and, therefore, showed that at least 
in the rabbit model, intraarticular high-molecular- 
weight HA was more effective than lower-molecular- 
weight HA in inhibiting cartilage degeneration and early 
OA. 41 

Clinical Use of Hyaluronan 

The first report of the clinical use of HA for intraartic¬ 
ular treatment of equine joint disease was published in 
1970 M , in which traumatic degenerative equine arthritis 
was treated with MPA or an HA/MPA combination in 
20 racing Thoroughbreds and Srandardbreds. The inves¬ 
tigators concluded that the combination of HA and MPA 
resulted in better and more lasting improvement than 
the corticosteroid alone. In 1976, Asheim and l.indblad 
provided the first report of treatment of equine traumatic 
arthritis with intraarticular HA alone, in 54 joints of 45 
racehorses previously treated unsuccessfully by conven¬ 
tional means. Through a 1-year observation period, 38 
of 45 horses were free of Lameness, and 32 returned to 
the racetrack after treatment.' Since these early reports, 
numerous clinical and experimental studies have been 
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conducted to evaluate the efficacy of HA in the treatment 
of equine joint disease. 

Clinical reports have generally supported the use of HA, 
but in many of them, the evaluations are subjective and 
the definitions of criteria for successful treatment are ab¬ 
sent. The duration of posttreatment observation periods 
vary, and some studies were of short duration. Most 
studies include response to intraarticular anesthesia as a 
criterion for case selection, which helps in localizing the 
problem but provides little information about the spe¬ 
cific diagnosis. A number of studies state or imply that 
the condition treated was OA, but the criteria for OA 
were not presented. It would seem that many of the cases 
were synovitis and/or capsulitis rather than OA. 

Attempts have been made to assess the clinical re¬ 
sponse to 11A therapy in the horse more objectively. 10,4 * 
In a model using bilateral osteochondral fractures cre¬ 
ated hv arthrotomv, the authors concluded that HA had 
a protective effect on the articular cartilage and resulted 
in reduced lameness. However, the conclusion that HA 
treatment was responsible for the return to normal 
weight-bearing is suspect, since both treated and non- 
treated limbs returneu to presurgical weight-bearing val¬ 
ues. The effectiveness of intraarticular hylan, a derivative 
of HA modified by cross-linking, was evaluated in a dou¬ 
ble-blind study that used gait analysis. Skt In this study, 
treatment with hylan did not significantly alter any of 
those variables, compared with baseline or control val¬ 
ues, and the conclusion was that at least in this model 
of acute synovitis (amphotericin), there was no beneficial 
effect. 

A chondroprotcctive effect for HA was reported 
based on a study involving experimentally induced ar¬ 
thritis in dogs. 1,61 However, treatment with HA has been 
reported to result in exacerbation of histologic, biochem¬ 
ical, and gross morphologic changes associated with OA 
experimentally induced in sheep by medial meniscec¬ 
tomy. 2 211 Treatment with HA improved weight-bearing 
and resulted in a lower gross pathologic score for OA 
but a higher score for osteophytosis and a higher histo¬ 
logic score for OA as well as reduced proteoglycan con¬ 
tent. One of the arguments espoused by proponents of 
the use of HA has been its actions of physiologic thera¬ 
peutic modality in the treatment of joint disease, allow¬ 
ing rapid return to athletic function without the risk of 
deleterious effects that have been associated with some 
other treatments. This notion of safety has been chal¬ 
lenged, and the sheep meniscectomy study demonstrates 
that rapid return to function may not be an appropriate 
goal in ever)' case. 

Controversy exists concerning the relationship be¬ 
tween molecular weight of exogenous HA and the clini¬ 
cal efficacy of treatment in equine joint disease. Certain 
advantages have been claimed m promotional material 
for products of higher molecular weight.' 1 '’ Although 
many of the in vitro effects of HA have been shown to be 
enhanced with higher-molecular-weight HA (including 
inhibition of fibroblast proliferation, inhibition of 
phagocytosis, enhanced synthesis of HA by cultured sy¬ 
noviocytes, and inhibition of PGE^ production by IL- 
I-stimulated chondrocytes 2,1 U °* , " 4V ' 6S the correla¬ 
tion between molecular weight and clinical effect is less 
clear. In a comparative study of five sodium hyaluronate 
products in the treatment of traumatic arthritis in horses. 


horses treated with HA of molecular weight above 2 X 
10 s kDa stayed sound significantly longer than those 
treated with HA below 2 x 10 1 kDa. 54 in another 
blinded study, the clinical effects of sodium hyaluronates 
with molecular weights of 0.13 X 10 3 and 2.88 X IQ 1 
kDa were compared in the treatment of 69 racing Thor¬ 
oughbreds with carpitis. There were no clinically signifi¬ 
cant differences in the response to the two drugs, ques¬ 
tioning whether the molecular weight of administered 
HA had any effect on therapeutic response. The post¬ 
treatment observation period in this study was 2 weeks; 
therefore, the duration of effect was not evaluated. 

Recently, a randomized, double-blind, and placebo- 
controlled clinical study was carried out in Standard bred 
trotters. Seventy-seven trotters with moderate-to-severe 
lameness were grouped according to number of affected 
joints and, within each group, were randomized for 
treatment with PSG AG, HA, or placebo for 3 weeks. The 
horses were inspected weekly, with final examination 2 
to 4 weeks after the end of treatment. The mean and 
initial lameness scores were significantly reduced during 
treatment and at the last examination in all three groups 
(P < .01 ). 2 ' Additionally, the prevalence of sound horses 
increased significantly from 1 to 3 weeks of treatment 
and to the last examination in all three groups (P < .03). 
Comparison of the two treatment groups with regard to 
the development of the lameness curve and time until 
soundness indicated a small, nonsignificant difference in 
favor of HA. No significant difference was detected be¬ 
tween the two treatment groups in prevalence or cumula¬ 
tive incidence of soundness. The study found the two 
drugs to be better than placebo in reduction of lameness 
score during the treatment period (P = .03) and the total 
study period (P < .01), time until soundness (P — .04), 
and prevalence of sound horses at the last examination 
(P < .01). All three treatments affected traumatic arthri¬ 
tis in horses, but HA and PSG AG gave better results than 
placebo. 

Viscosupplementation 

It has been known for many years that synovial fluid 
from osteoarthritic joints has lower elasticity and viscos¬ 
ity than that from normal joints and that the decrease 
in rheologic properties of synovial fluid results from re¬ 
duction in molecular size and concentration of HA in 
the synovial fluid. 1 * 12 This phenomenon led Balazs to 
introduce viscosupplementation therapy, which is the in¬ 
jection of HA or its derivative in an attempt to return 
the elasticity and viscosity of the synovial fluid to normal 
or higher levels. 10 *' 2 Viscosupplementation with HA has 
been used as a specific therapeutic technique in OA, espe¬ 
cially in Italy and japan. However, 6 to 10 injections are 
often required to achieve efficacy. Suggested reasons for 
this have included that the elastoviscous properties of 
current HA preparations arc inadequate to restore the 
elasticity and viscosity of the synovial fluid in the ar¬ 
thritic knee sufficiently or that the injected HA is elimi¬ 
nated from the joint too quickly to be effective. 1 

Because of this limitation in viscosupplementation 
with conventional HA preparations, hylans (chemically 
cross-linked hyaluronans) were developed to improve 
the efficacy of viscosupplementation therapy of OA. 
Cross-linked HA improves its utility for viscosupplcmen- 


Copyrighted material 



Chapter 7 Diseases of Joints, Tendons, Ligaments, and Related Structures 509 


ration in several ways: 1) the rheologic properties are 
increased; 2) it has a longer retention time in the synovial 
space; and 3) because of the cross-links, it becomes more 
resistant to free radical production. One particular com¬ 
bination of hylan, G-F20 (Synvisc) has been developed 
specifically as a device for viscosupplementation therapy 
in OA of the knee. In a Canadian multicenter trial of 
human OA, patients Treated with Synvisc had a response 
equaling that to NSAlDs (without the consequent side 
effects). The results of four clinical trials in Germany 
also validated the efficacy and safety of Synvisc. 2 In an¬ 
other, more recent study in Canada, 1537 injections were 
performed in 336 patients involving 458 knees. 4 The 
overall response and the change of activity level were 
judged better or much better for 77 and 76% of the 
treated knees after the first course of treatment (three 
weekly injections) and 87 and 84% after a second 
course. The mean time elapsing between the first and 
second course (8.2 ± 0.5 months) is an evaluation of 
the duration of benefits. Local adverse events were ob¬ 
served in 28 patients (32 knees), with an overall rate of 
2.7% adverse events per injection. The adverse events 
were characterized by pain and/or transient swelling in 
the injected joint, mostly mild or moderate in intensity. 
The conclusion was that Synvisc provided good clinical 
benefit and an acceptable safety profile in current clinical 
practice. The occurrence of adverse events after an infra - 
articular injection is infrequent and unpredictable. 
Hylan G-F20 is a cross-linked HA preparation with an 
average molecular weight over 6 million. Purified human 
umbilical hyaluronate and a commercial preparation of 
HA (Healon) intended for intraarticular viscosupple¬ 
mentation did not demonstrate the same boundary-lu¬ 
bricating ability as bovine synovial fluid or purified lu- 
bricin, f lu* data did show that HA possesses some 
boundary-lubricating ability in excess of that produced 
by physiologic saline alone but could nor replicate the 
boundary lubrication provided by synovial mucin. This 
study also supported earlier observations of an interac¬ 
tion between lubricin and HA, however. '’ 

As mentioned above, a double-blind study with am¬ 
photericin* induced synovitis was done in the middle car¬ 
pal joint of horses. The response to treatment with hylan 
was compared with that in untreated horses using 
3-D motion analysis, synovial fluid analysis, and syno¬ 
vial histologic examination. Treatment with hylan did 
not significantly alter any of these variables, compared 
with baseline control values. When one considers where 
hylan has been used in humans compared with an acute 
synovitis model in the horse, it may be that viscosup¬ 
plementation is more appropriate for OA. 

Intravenous Hyaluronan 

A formulation of HA for intravenous administration 
has been developed for use in horses and has been li¬ 
censed for several years. It is given as a 40-mg (4-mL) 
intravenous injection and goes under the trade name of 
Legend in the United States and Hyonate everywhere 
else. Anecdotal information from personal communica¬ 
tion with veterinarians and from personal experience 
suggests efficacy. However, data from a controlled study 
have only recently become available. A controlled inves¬ 
tigation of intravenously administered HA was done 


using an osteochondral fragmentation model of equine 
arthritis. 4 Osteochondral fragments were created uni¬ 
laterally on the distal aspect of the radial carpal bone of 
12 horses, and the horses were subjected to a controlled 
rogram of exercise using a high-speed treadmill. Six 
orses were treated with 40 mg of sodium hyaluronate 
intravenously on days 13,20, and 27 after osteochondral 
fragmentation, and six control horses were similarly 
treated with physiologic saline. Horses treated with HA 
intravenous!) had lower lameness scores (i.c., were less 
Lame), significantly better synovial membrane histologic 
scores (cellular infiltration and vascularity), and signifi¬ 
cantly lower concentrations of total protein and FGE 2 in 
synovial fluid 72 days after surgery than place bo-treated 
horses. Treatment with IV-administered HA had no sig¬ 
nificant effects on GAG synthetic rate or morphologic 
scores m articular cartilage (i.c., no deleterious effects 
occurred with HA treatment), and synovial fluid HA lev¬ 
els did not change. 

The mechanism by which intravenously administered 
HA achieves therapeutic levels intraarticularly is uncer¬ 
tain. Assuming that the plasma clearance of HA in the 
horse is similar to that in rabbits, 4 it must be assumed 
that the beneficial effects seen in the experimental study- 
are associated with localization of HA (or part of the 
molecule) at the synovial membrane level. The synovial 
membrane of the horse is highly vascularized, and per¬ 
haps intravenous administration provides the synovio¬ 
cyte with more exposure to exogenous HA than inrraar- 
ticular administration. A possible mechanism of action 
is illustrated in Figure 7.24. HA receptors are not con¬ 
fined to connective tissue cells. There are three main 
groups of HA cell receptors identified to date: CD 44, 
RHAMM, and ICAM-1. Some have yet to be classified, 
and the first and third of these were already known as 
cell adhesion molecules with other recognized ligands 
before their HA binding was discovered. 22 CD44 is a 
multipurpose receptor that is widely distributed in the 
body, and recent studies in our laboratory have shown 
expression of this receptor on equine synoviocytes, neu¬ 
trophils, and lymphocytes. Although there is low expres¬ 
sion of CD44 receptors on chondrocytes in normal 
cartilage, wc have shown increased expression in ostco- 
arthritic equine chondrocytes. 

Intravenous HA has achieved widespread use clini¬ 
cally in the United States. It has been used as a direct 
therapeutic agent as well as on a prophylactic basis. A 
prospective blinded study was done in 1996 to evaluate 
the effects of regular injections of intravenous HA at 
2-weekly intervals. 1,11 Seventy horses were treated from 
May 1 to December 1, and 70 horses received placebo 
(racing Quarter Horses). Positive trends were noted, but 
the hypothesis that prophylactic use of HA would cut 
down the amount of other medication was not proven. 
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MEDICATIOMS FOR JOINT DISEASE: 
POLYSULFATED POLYSACCHARIDES 

Polysulfated Glycosaminoglycan 

Polysulfated GAG (PSGAG) belongs to a group of 
polysulfated polysaccharides and includes, in addition to 
Adequan, pentosan polysulfate (Cartrophen), and GAG 
|peptide complex [Rumalonj). This group has often been 
referred to as having chondroprotective properties {dis¬ 
cussed above), and because of this, PSGAG has been tra¬ 
ditionally used when cartilage damage is considered to be 
present rather than in the treatment of acute synovitis. 44 
Using the new alternative terminology for chondropro¬ 
tective drugs, PSGAG would now be referred to as a 
disease-modifying OA drug (DMOAD). Therapy with 
such drugs is meant to prevent, retard, or reverse the 
morphologic cartilaginous lesions of OA, with the major 
criterion for inclusion being prevention of cartilage de¬ 
struction. Based on some work in the horse, this classifi¬ 
cation would seem to be valid. 

Adequan is the commercially available PSGAG for¬ 
mulation in veterinary medicine, and Arteparon is the 
previously used human product. The chemical structure 
of the two products is identical, and only the concentra¬ 
tion of the active ingredient varies. 60 The principal GAG 
present in PSGAG is chondroitin sulfate (Fig. 7.25). 
PSGAG is made from an extract of bovine lung and tra¬ 
chea modified by sulfate esterification. 

Mechanism of Action 

There have been numerous in vitro and in vivo studies 
of PSGAG. 2,7,60 PSGAG is a heparinoid. There have been 
varying opinions about binding of PSGAG in cartilage, 
but affinity for proteoglycans, collagen, and noncollagc- 
nous protein has been proposed. 2,6 PSGAG has been 
shown to inhibit the effects of various enzymes associ¬ 
ated with cartilage degradation, including neutral metal- 
loprotcinases (both collagenase and stromelysin) 2,3,34,41 
and serine proteinases/ as well as lysosomal clas- 
tase, 8,10 catnepsin B, 21 and cathepsin G,* and may also 



Figure 7.25 Structural formula of polysulfated 
glycosaminoglycan (PSGAG). This structure shows all hydroxyl 
groups, sulfaied or estertfied, but chemical analysts indicates 
sulfate substitution of 3 to 4 esters per disaccharide. (Reprinted 
with permission from Mcllwraith CW, Trotter GW. Eds Joint 
Disease in the Horse. Philadelphia: WB Saunders. 1996:270, 
Fig 16 - 1 .) 
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influence synoviocyte metabolism.’ 8 PSGAG has also 
been shown to have a direct inhibitory effect on PGEi 
synthesis.” 2 Some other work in which PSGAG reduced 
proteoglycan breakdown associated with conditioned 
synovial membrane suggests an anti—11 -1 effect. 2 *”' In 
addition to antidegradative effects, PSGAG stimulates 
the synthesis of sodium hyaluronate both in vitro, iv ' 
in vivo, 4 "** 4 and in the horse. 14 However, increased HA 
content in synovial fluid has been seen in association 
with other intraarticular medications by our research 
group, and the significance is to be questioned. In addi* 
tion, enhanced GAG synthesis has been demonstrated in 
vitro in association with PSGAG, In radioactive labeling 
studies, u '**'* >s it was demonstrated that both glucos¬ 
amine (proteoglycan) and proline (collagen) had in¬ 
creased labeling after treatment of human ostcoarthritic 
cartilage with PSGAG (this effect was less marked with 
normal human articular cartilage). 1 

In Vitro Equine Studies 

In a study on equine synoviocytes stimulated to pro¬ 
duce stromelysin (measured by thecaseinase degradation 
assay), PSGAG was the only drug tested that inhibited 
stromelysin (others tested were phenylbutazone, fluni- 
xin, betamethasone, and sodium hyaluronate). 4 ' 

There have been three in vitro studies on the effects 
of PSGAG on equine cartilage, and the results are some¬ 
what contradictory. Initially it was reported that PSGAG 
caused increased collagen and GAG synthesis in both 
articular cartilage ex plants and cell cultures from normal 
and ostcoarthritic equine articular cartilage. 2 The same 
author also reported that collagen and GAG degradation 
was inhibited by PSGAG in cell culture studies and also 
that ostcoarthritic tissues were more sensitive to PSGAG 
than normal tissues. However, another investigator 
using smaller doses of PSGAG (50 and 200 /tg/mL. vs. 
25 to 50 mg/mL i and normal equine articular cartilage 
explants found dose-dependent inhibition of proteogly¬ 
can synthesis, little effect on proteoglycan degradation, 
and no effect on proteoglycan monomer size. In a fol¬ 
lowing study using ostcoarthritic equine articular carti¬ 
lage explains and small (0.025 mg/mL) and large (25 
mg/mL) doses of PSGAG, the same investigator found a 
decrease in proteoglycan synthesis, little effect on proteo¬ 
glycan degradation, no change in the size of the proteo¬ 
glycan monomer, and no change in the aggrcgability of 
the monomer. 1 * Three nonequinc in vitro studies and 
one equine study have shown decreased degradative ef¬ 
fects of certain enzymes on articular cartilage in the pres¬ 
ence of PSGAG. 4,55,4 ' However, the precise mecha¬ 
nisms of action of PSGAG are uncertain, and the 
interaction of PSGAG with cytokines involved in joint 
disease has not been well investigated. 

In Vivo Studies 

The earliest animal studies were not done in horses. 
Using a canine lateral meniscectomy model, Ueno dem¬ 
onstrated dramatic morphologic differences between ar¬ 
ticular cartilage from control and PSGAG-treated joints. 
PSGAG was given intramuscularly at 25 mg/kg for 13 
treatments.' 1 Later work with a canine meniscecromy 


model also showed a protective effect when PSGAG was 
administered subcutaneously. 52 These authors suggested 
that PSGAG likely acts by inhibiting matrix-degrading 
enzymes. Favorable effects (lower active neutral metallo¬ 
proteinase activity, increased chondrocyte counts, and 
maintenance proteoglycan content) have also been re¬ 
ported using intraarttcularly administered PSGAG in a 
mcniscectomv model of OA in rabbits. 1; ' PSGAG has 
also been tested on the canine anterior cruciate ligament 
transection model and is reported to have both prophy¬ 
lactic and therapeutic effects. 4,5 PSGAG has been tested 
using the rat air pouch model of inflammation, and both 
improved proteoglycan content extractability and aggre¬ 
gation and reduction of leukocyte infiltration into the 
pouch were noted. ’ It was felt that reduced leukocyte 
infiltration would reduce cartilage exposure to leuko¬ 
cyte-derived proteinases and other mediators of cartilage 
damage. PSGAG was also tested in clinical cases of OA 
tn boars (intramuscularly at 5.2 mg/kg for six treatments, 
and saline was put into control joints). Lameness was 
significantly decreased, and there was increased HA in 
the synovial fluid. ! The drug has also been used in the 
treatment of canine hip dysplasia, 21 

The first equine investigation involved 250-mg injec¬ 
tions of PSGAG intraarticularly twice weekly for 3 weeks 
and then once weekly for the next 3 weeks in clinical 
equine patients with joint swelling and lameness.'" A 
significant improvement in synovial fluid protein con¬ 
centration and synovial fluid viscosity was reported as 
well as an overall impression of improved clinical signs 
(lameness, swelling and effusion, and flexion). Intraartic¬ 
ular PSGAG was then tested using a Freund’s adju¬ 
vant-induced model in the carpus of 30 horses. This 
study concluded that the clinical signs of arthritis were 
reduced in treated animals.' 1 The latter investigators, in 
a clinical trial in 109 horses, also felt that PSGAG im¬ 
proved clinical signs more frequently than in untreated 
horses. 

PSGAG was then tested in our laboratory on chemi¬ 
cally induced and physically induced lesions in the 
horse,*’ 1 '* 7 Treatment with intraarticular injections of 
250 mg of PSGAG once weekly for 5 weeks in carpal 
joints injected with sodium monoiodoaccratc revealed 
less articular cartilage fibrillation and erosion, less chon¬ 
drocyte death, and markedly improved safranin O stain¬ 
ing. PSGAG, however, did not have any effect on physi¬ 
cal ly induced lesions (partial and full thickness). Our 
conclusions from this study were that PSGAG could 
marked!) decrease the development of OA but was of 
no benefit In healing cartilage lesions already present at 
the initiation of treatment. A second study using intra¬ 
muscular PSGAG (500 mg every 4 days for seven treat¬ 
ments) showed relatively insignificant effects with treat¬ 
ment. The effects were limited to slightly improved 
safranin O staining in sodium monoiodoacetate joints 
when PSGAG was used. 

More recent studies have evaluated the effects of 
PSGAG, with or without exercise, on the repair of articu¬ 
lar cartilage defects and on the development of OA in 
the carpus of ponies. ^ ’ The authors concluded that 
PSGAG was beneficial in ameliorating the clinical, radio- 
graphic, and scintigraphic signs of joint disease. In an¬ 
other study, the effects of both HA and PSGAG were 
evaluated in the repair of equine articular cartilage de- 
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fects in ponies." Neither drug showed any beneficial 
effects. However, the project was terminated 11 weeks 
after defect induction. 

Potential Complications of Intraarticular Use 

Intraarricular infection after intraarticular injection is 
always a potential risk. However, research has demon¬ 
strated that PSGAG may have greater potential in this 
regard. Potentiation of a subinfective dose of Staphylo¬ 
coccus aureus in the middle carpal joint of horses has 
been demonstrated in our laboratory. 29 * 50 Using a suhin- 
fective dose, infection occurred in eight of eight PSGAG- 
injected joints, whereas it occurred in only three horses 
that received intraarticular HA and four that received 
intraarticular MPA. This infection could he prevented 
by 125 mg of amikacin hut was not abolished by prior 
filtration of Adequan. In another study, PSGAG was 
shown to inhibit equine complement activity. 50 The clas¬ 
sical and ultimate complement pathways have bacteri¬ 
cidal activity, and both were shown to be inhibited by 
PSGAG in vitro. T his inhibition could be a factor in the 
ability of bacteria to induce septic arthritis. 

Because PSGAG is classified as a heparinoid, some - 
effect on the hemostatic mechanisms is expected. 12 * 20 * 2 * 
Local hematomas were sometimes described as transient 
complications in early clinical trials in humans, and hep- 
arin-associated thrombocytopenia is known to occur 
with heparin use in people. * However, in earlier reports, 
the drug was used extensively in people, with a low com¬ 
plication rate. It has been suggested that the risk of hem- 
arthrosis in humans is high. 1 - It is therefore interesting 
that hemarthrosis has not been seen in the horse, despite 
extensive use. In addition, one of the author's primary 
uses of Adequan is following arthroscopic surgery in 
which there is considerable articular cartilage loss and 
subchondral bone exposure. These joints typically have 
persistent effusion that could be classified as hemarthro¬ 
sis, and the use of intraarticular PSGAG seems to treat 
this condition quite effectively. 

Intramuscular Use of PSGAG 

Most Adequan is used intramuscularly. As discussed 
above, the positive effects seen with intraarticular 
PSGAG in the monoiodoacetate model could not be em¬ 
ulated by the intramuscular route. However, defects in 
this monoiodoacetate model have since been recognized. 
There is minimal objective data supporting effectiveness 
of intramuscular Adequan, but the drug is widely used, 
and anecdotal reports support its value. The issue of ab¬ 
sorption after intramuscular injection was addressed by 
Burba et al. 14 In this study, PSGAG was labeled witfi 
tritium, and scintillation was done on synovial fluid and 
joint tissues. It was felt that levels of drug consistent with 
those seen in other nonequine studies were obtained, and 
it was concluded that therapy every 4 days was effective 
in maintaining antiinflammatory levels in the joint. 

Clinical Use of PSGAG 

1 primarily use Adequan follow ing surgery when there 
is significant loss of articular cartilage (grade III or grade 


IV da mage >. Typically, these horses have persistent 
bloody synovial effusion. The use of intraarticular Ade¬ 
quan has marked beneficial effects in these instances. I 
like to give one injection intraarticularly (I use 0.5 mL 
amikacin concurrently) and then follow up with intra¬ 
muscular therapy at weekly intervals at a dose of 500 
mg. The drug is also used to considerable extent on a 
prophylactic basis. Caron et al. 154 did a survey of 1522 
equine practitioner members of AAEP seeking informa¬ 
tion on Adequan use. Of practitioners responding, 
90.5% reported use of PSGAG. Use of PSGAG was sig¬ 
nificantly more common by practitioners involved pre¬ 
dominantly with racehorses or show horses. Standard- 
bred racehorse practitioners had a significantly higher 
level of intraarticular use of Adequan. Overall, PSGAG 
was reported to be perceived as moderately effective for 
all four categories of joint disease: idiopathic synovitis, 
acute synovitis (with lameness), subacute OA (mild ra¬ 
diographic changes), and chronic OA (moderare-to-se- 
vere radiographic changes). PSGAG was considered 
more effective than HA for the treatment of subacute 
OA and less effective for idiopathic joint effusion and 
acute synovitis. 

Pentosan Polysulfate 

The use of this drug in the treatment of equine joint 
disease has been extensively reviewed recently. 40 Al¬ 
though pentosan polysulfate (PPS) as the sodium salt 
(NAPPS) has been used in Europe for over 30 years as 
an antithrombotic-antilipidemic agent, its potential as 
a disease-modifying antiarthritic agent has only been re¬ 
alized in recent years. Also, a new calcium derivative of 
PPS (CAPPS) has recently been developed that is ab¬ 
sorbed more effectively after oral administration than 
NAPPS, and this offers hope for wider use of this drug. 
PPS could also be considered a disease-modifying OA 
drug. Little and Ghosh pointed out that PPS, unlike 
NSAIDs, does not possess analgesic activity. 40 There¬ 
fore, to provide symptomatic relief and efficacy, a drug 
such as PPS must be capable of correcting the pathobio- 
logic imbalances thar are present within the OA joint, 
and these authors feel that PPS fulfills these require¬ 
ments. 

PPS is not derived from animal or bacterial sources, 
but rather, the “backbone” of PPS is isolated from beech- 
wood hcmicellulosc, which consists of repeating units of 
(I -4)-iinked 0-o-xylanopyranoses. 1 An anabolic effect 
on chondrocytes has been demonstrated in a focal model 
of OA induced by unilateral meniscectomy in sheep. 41 
Studies on chondrocytes in agarose culture showed that 
PPS stimulated proteoglycan synthesis." Also, in an ex¬ 
perimental model of joint disease in rabbits, oral admin¬ 
istration of CAPPS (10 mg/kg ever> f 7 days) maintained 
the normal articular cartilage ratio of aggrecan to der¬ 
matan sulfate (interpreted by the authors as chondrocyte 
phenotype). 54 PPS also stimulates HA synthesis by cul¬ 
tured synoviocytes obtained from both rheumatoid and 
osteoarthritic joints. 56 These in vitro effects of PPS on 
HA synthesis were confirmed in a rat air pouch model 

of inflammation and in another study. 25,2 * 

# 

A number of in vitro and in vivo studies have shown 
that PPS will inhibit various processes that induce degen- 


Copyrighted material 


514 Adams' Lameness m Horses 


era cion of the articular cartilage matrix. For example, 
PPS has been shown to inhibit MMP3. 46 There is a sug¬ 
gestion that PPS may modulate receptor-mediated bind¬ 
ing of cytokines. 41 In an ovine model of OA (medial 
meniscectomy), weekly intraarticular injections of PPS 
for 4 weeks improved joint function and reduced mean 
radiographic scores and Mankin histologic scores of ar¬ 
ticular cartilage damage in the femoral condyle. 25 

There are no published studies describing the applica¬ 
tion of PPS for equine joint disease, but the drug has 
been used in Australia. Anecdotally, treatment is consid¬ 
ered to improve the clinical parameters of synovial effu¬ 
sion and lameness in most horses, when used clinically. 
Marked alleviation of lameness after racing was the most 
noted change with this drug. 4 " It is also felt that the 
vascular effects of the drug could aid or decrease the rate 
of subchondral bone necrosis and sclerosis. 

An interesting study involved simultaneous adminis¬ 
tration of NAPPS and IGF-1 early in the pathogenesis 
of iatrogenic canine OA. The combination of drugs sig¬ 
nificantly reduced the severity of lesions, whereas IGF- 
1 alone had little effect. 52 The presence of PPS appeared 
to decrease the amount of total and active metalloprotei¬ 
nase in the cartilage. The authors suggested that the PPS 
reduced the enzymatic breakdown of IGF-1, binding 
protein, or receptor, thus allowing IGF-1 to exert its in¬ 
fluence. 

Oral Glycosaminoglycans 

Oral GAG products available for horses include a pu¬ 
rified chondroitin sulfate product from bovine trachea 
(Flex-Free) and a complex of GAGs and other nutrients 
from the sea mussel Perna canaliculus (Syno-Flex). More 
recently, a combination of glucosamine hydrochloride, 
chondroitin sulfate, manganese, and vitamin C has been 
marketed as a “nutraceuticaT (Cosequin). There have 
been some positive anecdotal reports for such supple¬ 
ments. 9,19,4 45,49 Cosequin has been evaluated using the 
Freund's adjuvant model of inflammatory joint disease 
in horses. 6 * The oral supplement was used at the recom¬ 
mended dose beginning 10 days prior to arthritis induc¬ 
tion and continuing for a further 26 days. No benefit 
was demonstrated based on clinical parameters (lame¬ 
ness, stride length, carpal circumference, carpal flexioh) 
and synovial fluid analysis (protein). However, it is ques¬ 
tionable whether the Freund's adjuvant model simulates 
any clinical equine joint entity, and one must question 
the value of studies using this model. 

Oral administration of glucosamine sulfate has been 
associated with decreased pain and improved range of 
motion compared with placebo in a controlled clinical 
trial in humans. 49 In another controlled study, gluco¬ 
samine sulfate was as effective as ibuprofen in relieving 
symptoms of OA in people 45 In vitro studies using glu¬ 
cosamine sulfate have demonstrated increased GA( * and 
proteoglycan synthesis, and in vivo studies have demon¬ 
strated anti - inflammatory activity through inhibition of 
lysosomal enzyme activity and free radical production. 

There is conflicting evidence regarding the enteral ab¬ 
sorption of orally administered GAGs. 9,42 The ini¬ 
tial focus with oral GAGs was on chondroitin sulfate, 
and there has been some supportive evidence presented 


for absorption of active molecules. 19,21 In interpretation 
of such studies, however, one has to be careful whether 
radiolabeled macromolecular sulfate or chondroitin sul¬ 
fate or labeled but inactive monomer or other degrada¬ 
tion products are being absorbed. It is not valid ro ex¬ 
trapolate from antienzymte data (involving intact 
chondroitin sulfate molecules) and the detection of tri¬ 
tium label in tissues. Some earlier studies that failed to 
show absorption have been since criticized for the lack 
of specificity of the methods used. However, favorable 
absorption of chondroitin sulfate and dermatan sulfate 
from the gastrointestinal tract with reduced N-acetylglu- 
cosaminodasc and granulocyte elastase activity as well 
as increased HA concentration in treated patients has 
been reported. |L * For instance, in another srudy, when 

chondroitin sulfate was administered to healthv human 

* 

volunteers and serum concentrations of GAGs deter¬ 
mined using the DMMB assay, it was reported that nei¬ 
ther intact nor dc polymerized chondroitin sulfate was 
effectively absorbed. 9 This paper was criticized for low 
dosage and the low sensitivity of the DMMB assay 
used? 2 

As mentioned in the section above, absorption of 
CAPPS after oral administration in rats has been re¬ 
ported as effective and high enough to maintain cartilage 
proteoglycan concentration and biosynthesis.' 4 There 
was also some evidence for oral bioavailability of gluco¬ 
samine sulfate and tropism for articular cartilage after 
oral administration. 4 ^ The pharmacokinetics, organ dis¬ 
tribution, metabolism, and excretion of glucosamine 
were studied in the dog using uniformly labeled | 1 *C ]- 
glucosamine sulfate intravenously or orally in single 
doses. In humans, unlabeled glucosamine sulfate was 
given intravenously and orally, and glucosamine was 
measured in plasma and urine with a glucosamine-spe¬ 
cific ion-exchange chromatographic method. The result 
showed that the biuavaitability, pharmacokinetics, and 
excretion pattern of glucosamine were consistent with 
those found m the dog with radiolabeled glucosamine 
and with those reported in a previous study in the rat. 52 * 
In the dog study, radiolabeled glucosamine was given 
intravenously and orally, and the distribution of radioac¬ 
tivity was the same in noth cases. 

In one human study, cartilage biopsies were taken be¬ 
fore and after 4 weeks of glucosamine sulfate oral sup¬ 
plementation in a few treated subjects as well as assessing 
the overall results clinically. Joint pain analgesic use was 
reduced and joint function improved with glucosamine 
sulfate administration. Electron microscopy showed a 
typical picture of established OA, Those given gluco¬ 
samine sulfate were considered to show “a picture more 
similar to healthy cartilage.” 49 " Exogenous glucosamine 
increases matrix production and seems likely to alter the 
natural history of OA. Glucosamine also has a mild anti¬ 
inflammatory activity, probably via a free radical scav¬ 
enging effect. 4 M Numerous in vitro studies have demon¬ 
strated that glucosamine stimulates the synthesis of pro¬ 
teoglycan and collagen by chondrocytes, ‘' 

An additional mechanism by which chondroitin sul¬ 
fate may benefit joint tissues is the prevention of fibrin 
thrombi in synovial or subchondral microvasculature. 
The anti synovitis effect may be significant. It is interest¬ 
ing that in a study with extract of Perrta canaliculus in 
humans, at the end of 6 months, 19 of the 28 rheumatoid 
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patients (67.9%) and 15 of the 38 osteoarthritic patients 
(39.5%) felt they had benefited from the treatment. 
However, other studies have questioned both the GAG 
content and the therapeutic value of this extract. 

There is better evidence for glucosamine absorption 
than for chondroitin sulfate absorption. Glucosamine is 
an amino monosaccharide that is a basic constituent of 
the disaccharide units of GAGs of articular cartilage,* 1 
Glucosamine is the hcxosaminc present in kcratan sub 
fate and is the precursor of o-galactosaniine (the hexo- 
samine in chondroitin sulfate). 60 Exogenous gluco¬ 
samine has been suggested as the preferred substrate for 
GAG synthesis because a higher energy expenditure is 
required with endogenous glucose.* 1 There is good evi¬ 
dence for effective absorption of glucosamine sulfate (up 
to 87%) after oral administration in humans. In vitro 
studies have also documented enhanced chondrocyte 
synthesis of GAGs and collagen by glucosamine. Al¬ 
though research mainly documents the effects of gluco¬ 
samine as the sulfate salt, the veterinary product contains 
glucosamine hydrochloride. 

New oral G AG/glucosamine products continue to be 
developed. There is quite an explosive market in both 
humans and horses, despite very little scientific valida¬ 
tion. A controlled study is needed to address the effec¬ 
tiveness of these oral GAG-type products and to evaluate 
their efficacy relative to other systemicaUy administered 
products such as Adequan. 

A clinical trial was conducted in 25 horses over a 6- 
week period. In this study. Cosequin was associated with 
decreased lameness, improved lameness, and improved 
lameness scores, but there were no controls.** 
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NEW HORIZONS 

Work is continuing to find more effective agents not 
only for the treatment of traumatic synovitis and capsul¬ 
itis but also to help articular cartilage repair, or at least 
improve, cartilage metabolism in OA. One such regimen, 
the addition of growth factors IGF-l and NAPPS in the 
treatment of canine anterior cruciate ligament-deficient 
OA, has been described recently. 2 
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The development of metalloproteinase inhibitors of¬ 
fers the potential to specifically inhibit one of the impor¬ 
tant groups of enzymes capable of degrading both colla¬ 
gen and proteoglycans in the articular cartilage. It has 
been demonstrated that metalloproteinase inhibitors will 
also inhibit the secretion of cytokines and cytokine recep¬ 
tors in human monocytic cells.’ 

The other area of great potential development is spe¬ 
cific inhibition of cytokines by the use of IL-1 receptor 
antagonist or anti-TNF antibodies or the addition or an¬ 
abolic growth factors. 2 Gene therapy w ith IL-1 receptor 
antagonist has recently been demonstrated in our labora¬ 
tory to significantly decrease both the development of 
experimentally induced OA in the horse and lameness. * 
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SYNOVECTOMY 

The surgical excision of synovia) membrane from 
joints has appeared for over a century in the medical 
literature. Synovectomy is still done today with success¬ 
ful results and, after development of arthroscopic tech¬ 
niques and instrumentation, has greatly decreased the 
morbidity' of the procedure. Now that the significance 
of traumatic synovitis in the horse is realized, there is a 
rationale for synovectomy. In addition, it is indicated 
for localized chronic proliferation such as villonodular 
synovitis. The primary indication for synovectomy in 
human orthopedics is rheumatoid arthritis resistant to 
6 to 12 months of medical management. The primary 
indication in horses is traumatic synovitis and includes 
chronic proliferative synovitis, villonodular synovitis, as 
well as hemarthrosis. The technique is also useful in in¬ 
fective arthritis. Radiation synovectomy has been used 
as an alternative to surgical synovectomy but has not 
found general acceptance in human orthopedics in the 
United States because of the risks, which include leakage 
of the isorope external to the joint capsule, carcinogene¬ 
sis, chondronccrosis, and radioactive exposure of medi¬ 
cal personnel/ In a recent report on the use of radiation 
synovectomy with rhenium-186 in rheumatoid arthritis, 
the best clinical results and slowest progression in radio- 
logic destruction were achieved with a combined injec¬ 
tion of rhenium-186 and triamcinolone hexacetonide. 1 

Arthroscopic synovectomy appears to be appropriate 
for several primary synovial diseases. As stated in a 
human textbook, the major drawbacks to arthroscopic 
synovectomy include the need for the surgeon to be 
skilled in advanced arthroscopic technique and the need 
for specialized instrumentation. In the case of the equine 
surgeon, the additional requirement over what might be 
commonly available is motorized resection equipment. 
With the use of arthroscopic synovectomy, the ability 


to maintain high fluid flows with a motorized pump is 
critical. 2 However, recent work with subtotal synovec¬ 
tomy in the carpus demonstrated that although there w r as 
evidence of restoration and an intimal layer was present, 
the synovium w'as devoid of villi and there was suhinti- 
mal fibrosis. 4 
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SPECIFIC DISEASES OF JOINTS: 

CHRONIC PROLIFERATIVE SYNOVITIS 
(VILLONODULAR SYNOVITIS) 

Chronic proliferative synovitis w r as originally called 
villonodular synovitis based on its apparent resemblance 
to the nodular form of pigmented villous synovitis in 
humans/ Histologically, however, there is a lack of pig¬ 
mentation of the intracapsular mass by hemosiderin. 
Characteristic histologic features in the horse are dense 
fibrous connective tissue with nodules containing fibro¬ 
blastic and vascular proliferation often surrounding re¬ 
gions of collagen necrosis. Few* inflammatory cells have 
been found within the lesions, and a covering layer of 
synoviocytes is often absent. The mass arises from a 
fold, or plica, of tissue that normally projects distad from 
the dorsoproximal attachment of the joint capsule in the 
metacarpophalangeal joint. To distinguish it from villo¬ 
nodular synovitis in humans, it is probably more appro¬ 
priate to call the disease a chronic proliferative syno¬ 
vitis. 6 

Pathogenesis 

The pathogenesis appears to he a traumatic one. His¬ 
tologic characteristics support a traumatic pathogenesis 
rather than a response to joint inflammation. The histo¬ 
logic findings also suggest that synovial pad lesions are 
not acute and probably result from chronic repetitive 
trauma vvith attempted healing. There is secondary ero¬ 
sion, fragmentation of cartilage and bone beneath the 
mass, and it is presumed that this erosion of cortical hone 
under the lesion is due to local pressure of the mass on 
the bone or possibly trauma to the underlying cortical 
bone. 

Clinical Signs and Diagnosis 

The typical presenting signs arc lameness and joint 
effusion (associated with one or both metacarpopha¬ 
langeal joints). The disease is typical of the racing Thor¬ 
oughbred and racing Quarter 1 lorse. Soft tissue thicken¬ 
ing in the proximodorsal aspect of the joint may be 
palpated. Bone remodeling and concavity on the disto- 
dorsal aspect of the metacarpus above rhe condyles is 
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Figure 7.26 Contrast arthrogram ot metacarpophalangeal joint 
with villonoctuiar synovitis showing tilling delect created by 

proliferative lesion. 


common (seen in 93% of joints in the study by White 7 ). 
Fragmentation of the proximodorsal proximal (first) 
phalanx may also be seen on radiographs. In the occa¬ 
sional case, there is ossification within the villonodular 
mass, which shows up as a rounded density associated 
with the distal dorsal aspect of the metacarpus (Fig. 
7.26). Although this condition is classically described as 
being diagnosed with contrast radiography, this is rarely 
practiced because diagnostic ultrasound is a consistently 
useful (and noninvasive) technique. In one series of cases, 
54 joints (71 %) were examined by ultrasound. The mean 
± SD thickness of the synovial pads was 11.3 ± 2.8 
mm (range, 7 to 14 mm) in the sagittal ridge. The medial 
synovial pad was usually 2.5 ± 0.5 mm thicker than the 
lateral synovial pad. The edges of the synovial pads were 
more rounded than normal synovial pads, and hypo- 
echoic areas were often evident. The medial svnovial pad 
w r as abnormal in 30 joints, both medial and iateral pads 
were enlarged in 19 joints, and the lateral pad only was 
abnormal in 5 joints. 

Treatment 

Medical treatment (intraarticular HA) has been de¬ 
scribed in eight horses. Three of these horses returned 
to racing, but only one at a similar or better level than 
before injury. Five horses were retired for breeding pur¬ 
poses because of continued fetlock joint problems. 


Arthroscopic surgery’ is the recommended definitive 
treatment. 4 The technique typically involves a lateral ar¬ 
throscopic approach and a medial instrument approach 
in the dorsal pouch of the affected fetlock. The surgery 
is often combined with removal of proximodorsal first 
phalanx chip fragments. If the lateral pad is enlarged, 
swapping the arthroscope and instrument to the medial 
and lateral portals, respectively, mav be necessary. Gen¬ 
erally the enlarged pads are severed at the base and re¬ 
moved with Ferris-Smith rongeurs. Motorized equip¬ 
ment can be useful as w r ell. 

In one report of arthroscopic surgery, 68 joints in 55 
horses were treated. Osteochondral fragmentation or fi- 
hrillatcd cartilage of the third metacarpus beneath the 
enlarged pads was identified in 60 joints (88%) and wear 
lines w f ere seen in the metacarpal condyles in 27 joints 
(40%). Forty-four percent of joints had bone chips re¬ 
moved from the proximal first phalanx. 

Prognosis 

Follow-up of 50 of the 55 horses at arthroscopic sur¬ 
gery showed that 43 (68%) horses returned to the same 
or higher level of race performance after surgery, 9 
(18%) returned to a low r er level, and 7 (14%) were una¬ 
ble to race. The presence of proximal first phalanx frag¬ 
ments, metacarpal lesions, synovial pad thickness, or bi¬ 
lateral or unilateral joint involvement had no association 
w r irh outcome. Horses that returned to racing at or above 
their presurgerv race level were significantly (P = .05) 
younger than horses that returned at a lower level of 
performance or did not race. 7 Many of the horses in this 
study w'ere back in w r ork 6 to 8 weeks after arthroscopic 
surgery. Studies smaller but earlier than the one cited 
above reported 8 of 12 horses returning to race training 
after treatment by arthrotomy 2 and 12 of 13 racing again 
after arthroscopic surgery/ 
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SPECIFIC DISEASES OF JOINTS: SPftAINS 
AND LUXATIONS, MENISCAL TEARS, AND 
OSTEOCHONDRAL FRAGMENTATION 

Sprains and Luxations (Type 2A 
Traumatic Arthritis) 

Sprain 

A sprain may he defined as the stretching or tearing 
of a supporting ligament of a joint by forced movement 
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beyond its normal range, 41 In its simplest form there is 
minimal disruption of fibers, swelling, pain, and dys¬ 
function. Severe sprains may cause total rupture of liga¬ 
ments, marked swelling, hemorrhage, and joint instabil¬ 
ity, which may be permanent if untreated. As a normal 
force is applied, the ligament becomes tense and then 
gives way at one of its attachments or at some point in 
its substance. If the attachment pulls loose with a frag¬ 
ment of hone, it is called a “sprain fracture" or an “avul¬ 
sion fracture.” Sprains may he classified, and their treat¬ 
ment will vary. 

A mild sprain is one in w hich a few fibers of the liga¬ 
ment have been stretched or torn with some hemorrhage 
into the ligament, but integrity is not lost. This type of 
problem will present clinically as capsulitis unless an in- 
traanicular ligament is involved, in which case synovitis 
will be present. Rest and a support bandage are the ap¬ 
propriate treatment for this problem. 

A moderate sprain is one in which some portion of 
the ligament is torn and some functional loss is sustained. 
The amount of damage may vary from a tear of a rela¬ 
tively small portion of the ligament to almost complete 
avulsion, but wide retraction of the tom ligament ends is 
not a feature. Union can therefore proceed in an orderly 
manner as a result of healing with fibrosis. The use of a 
cast is indicated in the appropriate joint to support this 
healing. Clinically, there may be some laxity in the joint 
but not complete loss of integrity to the ligament, and 
surgical intervention is not generally indicated. 

In severe sprain there is complete loss of function of 
the ligament, and separation of the ends occurs. The loss 
of integrity of the ligament may result in luxation of 
the joint. Some form of surgical intervention is generally 
indicated with a severe sprain, but this depends on the 
ligament and the joint. The different types of luxations 
associated with ligamentous rupture are discussed in the 
next section. 

Various forms of ligament sprain and luxation may 
occur within the stifle joint. Upward fixation of the pa¬ 
tella involves displacement of the patella, hut there is no 
loss of integrity to any ligaments with this problem, and 
the fixation is usually temporary. Standardised race¬ 
horses develop problems in the stifle resulting in soreness 
that can be associated with ligamentous abnormalities. 
The condition of loose patella has been associated with 
laxity of the patellar ligaments . ZH The patella is looser 
than normal, resulting in a secondary gonitis, and this 
results in soreness in the stifle and secondary back sore¬ 
ness. The condition is commonly treated by injecting an 
internal blistering agent (Hypodermin) in the area of at¬ 
tachment of the patellar ligaments, and the resulting cica¬ 
trization may resolve the problem. 8 Repeat injections are 
sometimes necessary. There is no primary problem of 
rhe patellar ligaments; the problem is one of lack of con¬ 
ditioning in the quadriceps femoris musculature with 
subsequent loosening in the patella (it is typical of young 
horses early in training). Proper conditioning is a better 
method of treatment. Stifle soreness also occurs with jar¬ 
ring, which results when heavy caulks and other adher¬ 
ing agents are used on the shoes. These shoes are com¬ 
monly applied to Standardbreds that are raced during 
the winter. It seems that the jarring results in a degree 
of sprain to the ligaments of the stifle. It should not he 
considered a luxation. 



Figure 7.27 Distal luxation ot the patella (Reprinted with 
permission tram Mcltwraith CW, Warren RC. Distal luxalion ol the 
patella in a horse. J Am Vet Med Assoc 1982;181:67-69.) 


Congenital lateral and medial luxations of the patella 
occur, but acquired traumatic luxations in this direction 
have not been reported (lateral luxation may recur in 
severe cases of OCD with severe loss of the lateral troch¬ 
lear ridge of the femur). I have observed luxation of the 
patella distad 4 (Fig. 7.27), with the stifle consequently 
locked in flexion. The luxation was reduced under anes¬ 
thesia, and there was apparently no loss of ligamentous 
integrity. Various degrees of sprain of collateral or cruci¬ 
ate ligaments are recognized in rhe horse. Mild sprains 
(desmitis) have been recognized in rhe collateral liga¬ 
ments using ultrasonography. Severe sprains cause insta¬ 
bility', and rupture of collateral ligaments can be evident 
on a stressed radiograph (Fig. 7.28). Similarly, rupture 
of cruciate ligaments can be recognized on stressed radio¬ 
graphs, and when this severe an injury is present, the 
prognosis is poor. However, with experience in arthro¬ 
scopic surgery of the temorotihial joints, mild-and-mod- 
eratc sprains have also been recognized (Fig. *729) and 
are amenable to arthroscopic treatment. 

Tearing of Meuiai Palmar Intlrcarpal Ligament 

A specific entity diagnosed by arthroscopy occurring 
in the medial palmar intercarpal ligament in rhe equine 
middle carpal joint was first described in 1990 by 
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Figure 7.28 Radiograph of stifle with combined rupture of the 
medial collateral and cruciate ligaments 


Mcllwraith 10 in 24 cases, and 45 cases were reported in 
1992. u Damage ro intracarpal ligaments in three Joints 
was also mentioned in a study of 150 carpal joints by 
Kannegieter and Burbridge in 1990, 21 and two cases of 
medial intcrcarpal ligament damage and three of lateral 
ligament damage were reported by Kannegieter in 
1990. 22 Further reports have been written by Phillips 
and Wright tn 1994, Whitton et al. in 1997, 44 and Da- 
vankar et al. in 1996. 

The medial palmar intercarpal ligament consists of 
two portions. Both portions attach proximally on the 
radial carpal hone. The medial portion tends to attach 
on the second carpal hone, and the lateral portion on 
the third carpal bone (Fig. 7.30). In the series of Mcll* 
wraith, the condition was recognized in 45 middle carpal 
joints in 42 horses (37 racehorses, 5 nonracchorses). Of 
the 37 racehorses, there were 20 Quarter Horses, 14 
Thoroughbreds, and 3 Standardbreds. Patients svere re¬ 
ferred for arthroscopic surgery for removal of osteo¬ 
chondral chip fragments that were diagnosed radio¬ 
graphically or for diagnostic arthroscopy of a persisrent 
carpal problem. The problem was unilateral in 39 horses 
and bilateral in 3. The presenting clinical signs were 
lameness and/or persistent synovial effusion. In one in¬ 
stance, the presenting complaint was hemarthrosis. Os¬ 
teochondral chip fragments were present in the joint af¬ 
fected with tearing in 23 horses. In 6 horses in which 


Figure 7.29 Arthroscopic views A. Normal medial palmar 
intercarpal ligament with a probe delineating the medial and late 
portions. B Tearing of the lateral portion of a medial palmar 
intercarpal ligament. C The same igament after debridement ol 
frayed fibers. 
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Figure 7.30 Traumatic luxation of metacarpophalangeal joint. 
Ruptured collateral ligament ts held in towel forceps 


the osteochondral fragments were present in other joints, 
synovial effusion was greatest in the middle carpal joint, 
with ligamentous tearing. In most of the 22 middle car¬ 
pal joints where carpal chip fragmentation and ligamen¬ 
tous tearing were present concomitantly, the clinical 
compromise was more severe than normally seen with 
that degree of osteochondral fragmentation. A ligament 
was designated as torn when a defect was present in the 
ligament (Fig. 7.29). This usually took the form of frayed 
fibers suspended in the irrigating solution, presenting a 
transverse type of defect in the dorsal aspect of the lateral 
portion of the ligament. However, longitudinal tearing 
was present in one case, and tearing was noted in the 
palmar aspect of the ligament in two others. Shredded 
fibers were trimmed in most instances, which allowed 
better definition of the amount of ligament considered 
torn. The degree of damage ranged from 10 to 100% of 
the total width. The degree of tearing was estimated to 
be 70 to 90% in six joints, 50% in 11, 30% in 7, 20 to 
25% in 7, and 10 to 15% in 9. A total loss of integrity' 
was diagnosed in 2 joints. Long-term follow-up was ob¬ 
tained for 31 horses; 17 had successful and 14 had unsuc¬ 
cessful results. Of the horses with successful results, 13 
were estimated to have 30% or less damage to the total 
ligamentous width, and 3 with 50% damage to the liga¬ 


ment raced successfully after treatment with intraarticu- 
lar corticosteroids. One horse with more than 30% dam¬ 
age was considered to be successful without the use of 
intraarticular corticosteroids. Of the 14 horses with un¬ 
successful results, all but 2 had 50% or more estimated 
damage to the medial palmar intercarpal ligament. Of 
the two exceptions, one had 30% damage but also had a 
sagittal fracture of the third carpal bone, and the second 
horse’s lack of success was considered to be unrelated 
to the carpus. 

Studies of the anatomy of the palmar intercarpal liga¬ 
ments have concluded that the medial palmar intercarpal 
ligament resists dorsomedial displacement of the radial 
carpal bone where the lateral palmar intercarpal liga¬ 
ment resists dorsolateral displacement of the ulna and 
intermediate carpal bones/*' A biomechanical study of 
cadaver carpal joints found that the palmar intercarpal 
ligaments contribute 22.7 ± 2.2% of dorsal displace¬ 
ment. 50 It was felt that despite their small size, they play 
an important role in the restraint of dorsal displacement 
of the proximal row of carpal bones. 

Luxations 

Luxation or dislocation of the joint may be complete 
or partial (subluxation). Most luxations involve loss of 
integrity of one or more joint ligaments (severe sprain) 
as well as damage to other joint structures such as the 
fibrous joint capsule and surrounding tendons (Fig. 
7,30). Complete luxations arc probably the most com¬ 
mon in the pastern, fetlock, and hock joints. Luxation 
of the pastern may occur with associated fractures of the 
middle phalanx (Fig. 7.31) or be unassociated with an 
avulsion fracture (Fig. 7.32), In both instances some 
form of healing may be achieved by long-term casting, 
but OA is generally anticipated. Exceptions have been 
noted/ Surgical arthrodesis is often indicated as the 
treatment for this condition. Subluxation of the fetlock 
may occur in association with rupture of one of the col¬ 
lateral ligaments. Because of the necessary function in 
this joint, one attempts to maintain integrity of the liga¬ 
ments and avoid ankylosis. Casting may be used as a 
method of treatment. I have used screw' and wire bridg¬ 
ing to provide initial replacement of a ruptured collateral 
ligament. The use of carbon fiber implants has been re¬ 
ported in two cases. 10 OA may be anticipated following 
subluxation of the fetlock, but surgical arthrodesis is 
used as a last resort. A case of shoulder luxation was 
reported in a 3-year-old Thoroughbred filly.The injury 
had occurred on a wet pasture 2 weeks prior to presenta¬ 
tion. There was no weight-bearing lameness, and the hu¬ 
meral head was displaced lateral to the scapula. Under 
general anesthesia the luxation was reduced, and the filly 
was allowed to recover in a swimming pool recovery 
system. Eight months after surgery, the filly had returned 
to light work without evidence of lameness, and muscle 
atrophy evident at the time of admission had resolved. 
In the case of shoulder luxation, there is no ligamentous 
injury involved, but there is disruption of fibrous joint 
capsule and musculature. Subluxation of the shoulder 
joint has also been seen (see Chapter 8, shoulder 
luxation/subluxation). Displacement of the carpal bones 
(carpal luxation) is usually associated with comminuted 
fractures. 
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Figure 7.31 Radiographs of tuxat*on of pastern joint associated 
with an avulsion fracture of the palmar aspect of the proximal end 

of the middle phalanx. A. Prior to repair. B. After surgical 
arthrodesis. 



Figure 7.32 A Radiograph of luxated pastern unassoccated 
with fracture. B. Radiograph of pastem after surgical arthrodeses. 


Luxations of the various tarsal joints are not uncom¬ 
mon. A severe form of luxation occurs in the tarsocrural 
(tihiotarsal) joint, and in this instance, the tibia is gener- 
ally displaced distocraniad. Reduction of this dislocation 
is very difficult and is often not achieved. Luxations of 
the intertarsal joints (Fig. 7.33) or tarsometatarsal joint, 
while still severe injuries, do not usually present the same 
problem with reduction. Long-term continued function 
of these joints is not required, and surgery and treatment 
are generally aimed at eventually producing an ankylo¬ 
sis. Results have been inconsistent with casting alone, 
and surgical arthrodesis is recommended. An incision 


through the skin and subcutaneous tissue usually allows 
opening of the luxated joint. The articular cartilage is 
removed, and some form of internal fixation across the 
joint may be attempted. Following surgical arthrodesis 
of the hock or pastern, the limbs are retained in a cast 
for 6 weeks, 

Coxofemor.il luxation is rare in the horse, largely be¬ 
cause of the ligamentous support to tin* hip joint. The 
acetabulum is surrounded by the fibrocartilaginous ace¬ 
tabular lip, and in addition to the ligament of the Head 
of the femur (round ligament), an accessory femoral liga¬ 
ment passes from the symphysial iprcpubic) tendon 
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Figure 7.33 Luxation of proximal intertarsal joint. 


through the acetabular notch (bourn! by the transverse 
acetabular ligament! to the femoral head. Upward fixa¬ 
tion of the patella commonly accompanies coxofemoral 
luxation/ It is suggested that the patella is retained in 
upward fixation when dislocation of the hip occurs be¬ 
cause as the latter produces rotation of the limb, the 
rectus femoris muscle loses its normal leverage and is 
unable to release the patella. 41 Reduction of a coxofemo¬ 
ral luxation is generally unsuccessful with the use of trac¬ 
tion and manipulation. A successful case in a T-week- 
old foal has been reported, but the follow-up was only 
6 weeks/'' Femoral head removal has been used as a 
treatment in ponies. In another report, a brood marc 
with a luxated hip was left with the hip luxated and 
was able to function satisfactorily after medial patellar 
desmotomy for relief of the associated upward fixation 
of the patella. 5 Rupture of the ligament of the head of 
the femur without luxation of the joint may also occur. 
Although the joint is in position, the prognosis is unfa¬ 
vorable, since an increase in the range of motion of the 
femoral head can be anticipated to cause severe DJD 
before ligamentous regeneration can occur/ 

Meniscal Tears (Type 2B Traumatic 
Arthritis) 

Meniscal injuries are restricted to the femorotibial 
joints. These injuries have been recognized increasingly 
with diagnostic arthroscopy of the femorotibial 



Figure 7.34 Arthroscopic view of chip fragment on distal radial 
carpal bone (F) accompanied by significant articular cartilage 
fragmentation and erosion <EJ. 



Figure 7.35 Arthroscopic view of tear in the axial portion of the 
medial meniscus rn a left femorotibial joint C, medial coodyte of 
femur; L. cranial ligament of medial meniscus. M. tom portion of 
meniscus 


joints/"* 4 ^ A limited amount of the menisci is visible in 
the femorotibial joints when the cruciate ligaments arc 
intact. I lowcvcr, the visible portion is a common loca¬ 
tion for meniscal rears, which typically occur on the most 
axial portion in a sagittal direction (Fig. 7.34), Treat¬ 
ment with arthroscopic resection of the torn portion has 
had successful results. Associated damage can also occur 
in the cranial ligaments of the medial or lateral meniscus. 
Horses typically present with obvious lameness, and in 
some instances, femorotibial effusion can be detected 
(Fig. 7.35 ), The condition is confirmed by diagnostic ar¬ 
throscopy. 
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An open surgical procedure has been reported for re¬ 
moval of the medial meniscus in the horse, 48 However, 
with the ability to treat mcniscal injuries arthroscopically 
and the recognition of the morbidity associated with en¬ 
tire menisci in humans* the author does not consider 
there is ever an indication for open meniscectomy in the 
horse. 43 

Intraarticufar Fractures (Type 2C 
Traumatic Arthritis) 

Intraarticular fractures represent an arthritic entity* 
and their review is appropriate. They are particularly 
important in that they can potentially lead to OA. If they 
are not treated in an appropriate and timely fashion* OA 
is inevitable. 

Osteochondral Fragmentation 

Pa moBioMxnc Principles 

The development of fragmentation in equine joints 
has two main sources: traumatic injury and OCD. Treat¬ 
ment of the latter condition is presented elsewhere in this 
chapter. The mosr common instances of traumatically 
induced osteochondral chip fragmentation are in the car¬ 
pal and fetlock joints. 

Although chip fractures have been frequently consid¬ 
ered acute injuries and recognized with acute clinical 
signs, it has been suggested relatively recently that they 
are a secondary complication affecting joint margins pre¬ 
viously altered by OA. 4 ~ It has been proposed that chip 
fractures of the joint margins in the carpus, at least* arise 
from two different pathogenetic processes: 1) fragmenta¬ 
tion of the original tissue of the joint margin (this lesion 
starts as progressive subchondral bone sclerosis induced 
by repetitive trauma of training and racing, with eventual 
damage to articular cartilage because of the non- 
compliant subchondral bone; eventually the sclerotic 
bone undergoes Ischemic necrosis and subsequent frag¬ 
mentation) or 2) within the base of periarticular osteo¬ 
phytes forming in OA. Experience with arthroscopic sur¬ 
gery of carpal fragmentation supports both these roles 
in various instances. On the other hand* “fresh” fracture 
lines through an articular surface that otherwise appears 
grossly normal forces the conclusion that if the above 
proposals are true, then such change can only be at the 
microscopic level in some instances. 

Fragmentation of the osteochondral articular surfaces 
causes direct physical effects due to loss of a smooch 
congruent articular surface as well as release of cartilage 
and bone debris* which may lead to synovitis. Suffi¬ 
ciently severe compromise of the articular surface leads 
to instability, as does tearing of fibrous joint capsule and 
ligaments. Synovial membrane in turn has the potential 
to respond directly to mechanical trauma and/or indi¬ 
rectly to injury elsewhere in the joint. 42 Damage to artic¬ 
ular cartilage releases wear particles and, possibly, other 
soluble breakdown products. These materials in turn can 
activate the synovial membrane* resulting in increased 
production of proteinases* prostaglandins, cytokines, 
and other biochemical mediators. 11 These pathobiologic 
processes arc discussed above m this chapter. 

The chronic effects that result in the loss of morion 
after joint surgery also need to be recognized. Arthro- 


fibrosis is recognized as an important problem in humans* 
although the etiology is still unknown. The use of skilled 
arthroscopic techniques is critical in the minimization of 
arthrofibrosis. 12 However, arthrofibrosis mav still be a 
complication despite proper surgical technique and reha¬ 
bilitation, Orthopedic surgeons use such methods as ele¬ 
vation, compression, heat* cold* immobilization* mobili¬ 
zation, and anti-inflammatory medications to try to 
minimize swelling and stiffness in humans. 21 ’ 36 

Direct compromise to the articular surface is dis¬ 
cussed above. Additional factors that need to be consid¬ 
ered include the possibility of chondrocytes within artic¬ 
ular cartilage being damaged or undergoing necrosis 
subsequent to impact loads that do not cause gross mor¬ 
phologic damage 11 as well as the presence of a step in 
the articular surface contributing to posttraumattc OA. 26 
Mechanical injuries of the articular cartilage have been 
divided into three types: 1) disruption or alteration of 
the macromolccular framework* loss of matrix compo¬ 
nents* or cell injury without visible disruption; 2) disrup¬ 
tion of articular cartilage alone (chondral fractures); and 
3) mechanical disruption of articular cartilage and sub¬ 
chondral bone (osteochondral fractures). Each of these 
types of articular cartilage damage represents a different 
problem for repair and stimulates a different response. 6 ** 
While damage to the cartilage matrix without tissue dis¬ 
ruption has not been studied extensively, experimental 
evidence shows that loss of proteoglycans or alteration 
of their organization (decreased proteoglycan aggrega¬ 
tion) occurs before other signs of significant matrix in¬ 
jury. The loss of proteoglycans (by increased degradation 
or decreased synthesis) will cause loss of cartilage stiff¬ 
ness and may cause greater loading of the collagen frame¬ 
work* which in turn increases the vulnerability of sub¬ 
chondral bone to damage by impact loading. However* 
whether cartilage “softening” progresses to matrix dis¬ 
ruption is not known. With regard to chondral fractures, 
compression and shear forces can rupture the cartilage 
matrix, producing fissures, flaps, or fractures. Osteo¬ 
chondral fractures result from similar forces. In humans, 
chondral fractures generally occur in skeletally mature 
people, while osteochondral fractures typically occur in 
skeletally immature people or young adults. 35 Such dis¬ 
tinction has not been recognized in the horse. 

Osteochondral Fragmentation of the Carpus 

Osteochondral chip fractures of the equine carpus are 
common in racehorses. Patients present with synovial 
effusion and various degrees of lameness. In cases of os¬ 
teochondral fragmentation with minimal associated 
damage, the main clinical sign is that the horses jog with 
a wide-based stance. The presence of fragmentation is 
confirmed with radiographs. Deficiencies have been 
noted in the radiographic demonstration of some frag¬ 
ments and in the amount of associated articular 
damage. 35 

Arthroscopic surgery for the removal of these osteo¬ 
chondral fragments is indicated for the immediate relief 
of clinical signs as well as to prevent further development 
of OA, Carpal chip fragments are considered to cause 
pain because of their tugging on synovia! membrane at¬ 
tachments* to induce synovitis, and to cause damage to 
the opposing articular surface (kissing lesions). All these 
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factors may contribute to the cycle of OA t and this cycle 
is self-perpetuating after removal of the chin fragments 
if surgical intervention is not timely. Other factors enter 
into case selection for surgery, particularly the athletic 
ability of the horse and economics. 

All osteochondral chip fragments in the carpus arc 
operated using arthroscopic technique, which has been 
extensively described elsewhere. 30 * 15 Arthroscopic sur- 
gery for the removal of any osteochondral fragment from 
either carpal joint involves triangulation technique using 
two portals that remain consistent for all locations of 
fractures in these joints. The posirion of the arthroscope 
and instrument relative to the appropriate lesion is illus¬ 
trated in Figure 7.36, using the distal radial carpal hone 
as an example. The arthroscope is placed through the 
lateral portal w ith the lens angle proximad, and the in¬ 
struments are brought through the medial portal. 10 A 
diagnostic examination is always performed first. 

Carpal chip fragments can he divided into four cate¬ 
gories, and the techniques used for their removal vary 
accordingly. If the chip is fresh and mobile on palpation, 
grasping forceps are immediately inserted, the chip is 
grasped, the forceps are rotated to free the chip of soft 
tissue attachments (if they are significant), and rhe chip 
is removed. Fcrris-Smith intervertebral disk rongeurs are 
the most commonly used forceps for removal of frag¬ 
ments. In the second category of chip fragments, synovial 
membrane and fibrous capsule attachments of the frac¬ 
ture tine are stronger, and the chip cannot be displaced 
with initial probing. In this case, an elevator is used to 
separate the chip from the parent hone. Ideally the frag¬ 
ment should not he completely separated, as it then be¬ 
comes a loose body and is more difficult to remove. A 
third category (uncommon) is a longstanding fragment 



Figure 7.36 Diagram of technique for the removal of carpal 
chip fragment (Reprinted with permission from Mcllwraith CW. 
Fractures of the carpus, tn Nixon AJ Equine Fracture Repair 
Philadelphia WB Saunders, 1996;211.) 


when bony reattachment is developing. An osteotome 
may be used to free the fragment from the hone. A fourth 
category of chip fragment involves extensive bony reat¬ 
tachment and a proliferative response as well. These 
cases are amenable to the osteotome, hut use of a motor¬ 
ized arthrobur is often appropriate. These patients are 
generally poor candidates for arthroscopic surgery and 
should not represent a major portion of any surgeon’s 
caseload. It is common to find more damage than antici¬ 
pated at arthroscopy (see Fig 7.34), 

Once the chip is removed, the defect is debrided, and 
underlying cartilage or flakes of cartilage at the base of 
the lesion arc removed by using a bone curet and forceps. 
Soft defective tissue in rhe base of the defect is commonly 
recognized and is also curetted. Debridement of articular 
defects is based on our current knowledge of an articular 
cartilage lesion (see next section). Alter debridement the 
joint is flushed using the egress cannula. 

The horse is re-covered in a sterile padded bandage. 
Phenylbutazone is administered postoperarively. Periop¬ 
erative antibiotics are not usually administered unless 
there are recent concerns of inrraarrivular contamination 
or respiratory infections. It has been shown that 100 S. 
aureus organisms are required to achieve infection in an 
equine joint. 1 ' If there has been intervention (joint injec¬ 
tion or inrrasynovial anesthesia) in a joint within the 
previous 2 to 3 weeks, the use of prophylactic antibiotics 
could be appropriate. The skin sutures are removed 10 
to 14 days after surgery, and a program of hand walking 
begun at this time. Complications from surgery are few. 

Compared with the benefits from arthrotomy, we 
consider the benefits from arthroscopic surgery to in¬ 
clude increased diagnostic accuracy (and, therefore, 
more definitive treatment of the condition), less tissue 
damage and better cosmetic appearance of the joints, 
more complete irrigation of the joint and elimination 
of debris, less postoperative pain, the ability to operate 
multiple joints concurrently, and improved performance 
after surgery/ 15 Postsurgical information has been re¬ 
ported for 445 racehorses. 3 * After surgery, 303 (68.1%) 
raced at a level equal to or better than preinjury levels, 
49 (11.0%) had decreased performance or still had prob¬ 
lems referable to the carpus, 23 (5.2%) were retired with¬ 
out returning to training, 28 (6.3%) sustained another 
chip fracture, 37 (7.2%) developed other problems, and 
10 (2.2%) sustained collapsing slab fractures while rac¬ 
ing. Earlier reports with arthrotomy considered return 
to competition or starting in one race to be a success.* 
Using such criteria for success would mean 88.6% of 
Thoroughbreds and 88.8% of Quarter Horses w r ere suc¬ 
cessful in our study. 11 However, we believe that the same 
level or higher is a more reliable criterion and at least 
eliminates the variable of the horse's ability. 11 

When horses were separated into four categories of 
articular damage, the performance of the two most se¬ 
verely affected groups was significantly inferior. Some 
133 of 187 horses with grade l damage (71.1%), 108 
of 144 horses with grade 2 damage (75%), 41 of 77 
horses with grade 3 damage (53,2%), and 20 of 37 
horses with grade 4 damage (54%) returned to racing 
equal to or better than before injury. The success rate in 
horses w r ith grade I and grade 2 lesions was significantly 
higher than in those with grade 3 and grade 4 lesions 
(P < .01). 35 


Copyrighted material 











526 Adams' Lameness in Horses 


Osteochondral Fragmentation in the Fetlock 
Joint 

This section includes osteochondral chip fragments of 
the dorsal and palmar/plantar aspects of the first phalanx 
and osteochondral fractures of the proximal sesamoid 
bones. 

PROXIMODORSAL OSTEOCHONDRAL FRACTURES Ot THE 
Proximal (First) Phalanx. These fracture fragments are 
common in racehorses. All but I of 63 horses in a 1986 
retrospective study reporting on arthroscopic surgery' for 
the removal of these fragments were racehorses/’ How¬ 
ever, more recently, cases of rounded fragments of long¬ 
term duration have been recognized in nonracehorses 
and may represent a different entity, 24 

The typical signal mem in a racehorse is the presence 
of synovial effusion in the fetlock joint, vary ing degrees 
of lameness, some dorsal soft tissue swelling, and pain 
upon flexion of the joint. The injury occurs typically 
during strenuous exercise. The clinical signs are most 
prominent during the first few days after injury'. Lame¬ 
ness is mild to moderate. Fragments may occur on one 
medial or lateral eminence (most commonly in the for¬ 
mer). 30 Clinical signs may decrease with rest and become 
apparent again with exercise. In most instances, the frag¬ 
ment is considered to be the result of trauma (compres¬ 
sion of the dorsoproximal portion of the proximal pha¬ 
lanx against the distal part of the third metacarpal bone 
when extreme extension of the fetlock joint occurs dur¬ 
ing racing or fast training)/* 20 It has also been suggested 
that these fragments are a secondary complication affect¬ 
ing joint margins altered by DJD and that the fractures 
can arise by fragmentation of the original tissue of the 
joint margin or within the bony base of a periarticular 
lip that forms in DJD. 42 Recognition of fragments that 
arc rounded and chronic in young horses as incidental 
findings suggest developmental pathogenesis in some in¬ 
stances. However, developmental pathogenesis is not 
considered to be the usual situation in the racehorse, as 
has been implied by some authors. 2 ' 

The treatment of choice w r hen the fragment is causing 
clinical signs is surgical removal using arthroscopic sur¬ 
gery, even when the fragment is small (Fig. 7.37). 24,30,53 
However, many of these chip fractures arc treated con¬ 
servatively, and satisfactory repair and athletic activity 
can result if the joint is kept at rest for 3 to 6 months/ 
Because of the occurrence of calcification over the dorsal 
aspect of the equine metacarpophalangeal joint after re¬ 
moval of chip fragments using arthrotomy, conservative 
treatment was recommended in the past. 2 It was felt at 
that time that removal of most of the chip fragments w r as 
not necessary to restore a horse to a functional state, in 
that the complication of calcification of the capsule and 
associated lameness could be avoided. Surgical morbid¬ 
ity has been decreased or eliminated with the use of ar¬ 
throscopic surgery. Although it has been proposed that 
most fractures will heal with time, and this is possibly 
true, no follow-up study on racing performance after 
conservative treatment has been reported. In an initial 
study on the use of arthroscopic surgery for the treat¬ 
ment of these fractures, the training period during which 
fragmentation occurred was known for 50 of 63 horses. 
Of these 50 horses, the interval between injury and ar- 



Figur* 7.37 A small chip fragment off the proximodorsal aspect 
Of first phalanx. 


throscopic surgery was less than > weeks for 13, 2 to 4 
months for 23, and more than 6 months for 14 horses/ * 
Most of these latter instances involved horses that had 
not responded well to conservative treatment and train¬ 
ing had been continued. 

Osteochondral chip fragments arc removed using ar¬ 
throscopic technique in the dorsal pouch of the metacar¬ 
pophalangeal (metatarsophalangeal) joint. 30 The arthro¬ 
scopic portal is located in the proximolatcral aspect of 
the distended dorsal joint pouch. If the fragment is 
located on a proximolatera! eminence, it is removed first 
using a lateral arthroscopic portal. Proximo medial frag¬ 
ments are removed using a medial portal. These tech¬ 
niques are described in more detail in another text. 30 
The usual sequence of instrument use is egress cannula 
insertion to clear the visual field, an elevator to break the 
fragment, fragment removal with Fcrris-Smith rongeurs, 
and debridement of the fracture bed. The presence of 
any associated articular cartilage erosion and wear lines 
on the distal metacarpus or metatarsus is noted during 
surgery. After debridement of the defect, the joint is 
flushed with fluid, using a 4.5-mm egress cannula, and 
the skin portals are closed. The horse is re-covered, with 
the leg in a sterile bandage. 

The results of arthroscopic surgery for the treatment 
of these chip fractures were initially reported for 74 fet¬ 
lock joints of 63 horses (35 Thoroughbreds and 28 
Quarter Horses) during a 2-year period. 53 In a more re¬ 
cent and extensive study, results nave been recorded for 
320 horses w ith 446 osteochondral fragments removed 
from 417 fetlock joints. 1 ’ 1 * 24 Some 295 < if the horses w r ere 
racehorses, including 181 Thoroughbreds, 111 Quarter 
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Horses, 2 Standardbreds, and 1 racing Arabian, There 
were 25 non racehorses. A single metacarpophalangeal 
joint was operated in 209 horses, while both metacarpo¬ 
phalangeal joints were operated in 94. Fragmentation of 
the proximodorsal first phalanx was the only lesion in 
the fetlocks of 93 horses. Some 134 horses had other 
lesions in the fetlock along with fragmentation. These 
included 64 with wear lines, I I with articular cartilage 
erosion, 13 with chronic proliferative synovitis, 3 with 
OCD, and 43 with a combination of the above lesions. 
Carpal arthroscopy for removal of osteochondral chips 
was performed additionally in 93 of these horses. Fol¬ 
low-up was available for 260 horses. Of these, 191 
(73.5%) returned to their intended use. This included 
141 (54.2%) that returned to the same level of perfor¬ 
mance, 50 (19.2%) horses that returned to performance 
but at a lower level, IX hoses (6.9%) that developed 
another fragment, and 51 (19.6%) horses rhat did not 
return to their intended use. Of rhe 244 racehorses with 
follow-up, 179 (73.4%) returned to racing, and 129 
(52.9%) of these raced at the same or higher level; IS 
(7,4%) of the racehorses developed another fragment, 
and 47 (19.2%) were in the failure category. Horses that 
sustained chip fragmentation alone without other intra- 


articular changes in rhe fetlock joints had a higher return 
to use than those w ith other (including articular cartilage 
erosions or wear lines) lesions (86 vs. 75%). This differ¬ 
ence was significant. 24 

Proximai Palmar/Pi antar (First) Phalanx Fragmen. 
tation. Bony fragments associated with the palmar or 
plantar aspect of the metacarpophalangeal and metatar¬ 
sophalangeal joints were first described in 1972 by Birke- 
land.* Opinions differ as to the pathogenesis of these 
fragments, bur several authors propose that they result 
from fracture.** 4 " Lameness caused by the bony frag¬ 
ments is usually evident only at the horse’s maximal per¬ 
formance. 4,1 ,,42ji A history of swelling of rhe fetlock joint 
and lameness that increases after fast work is common. 40 
The lameness is usually mild, and flexion of the fetlock 
joint will increase rhe lameness. It was noted in one study 
that intraarticular injection of local anesthetic abolished 
lameness in only 12 of the 43 horses investigated, 
whereas high volar or plantar nerve block successfully 
abolished lameness in all cases. 4 " Not all fragments at 
this location give rise to lameness. 1 ’’ 1 s Fragments were 
also observed in the palmar/plantar part of the metacar- 



Figure 7.38 Lateral (A) and 30: downwardly angled oblique (B) 
views of a fragment (arrows) from the proximal plantar aspect of 
the first phalanx (Reprinled with permission from Mcllwraith CW 


Diagnostic and Surgical Arthroscopy m the Horse 2nd ed 
Philadelphia. Lea & Febiger. 1990:106.) 
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pophalangcal and metatarsophalangeal joint in 89 
■: I i.8%) of “53 yearling Standardbred trotters,' K 

Two types of fragments have been described: 1) r> r pe 
I osteochondral fragments of the palmar/plantar aspect 13 
{also called bony fragments of the palmar/plantar part 
of the metacarpophalangeal and metatarsophalangeal 
joint) 4 ' 1 and 2) type II osteochondral fragments of the 
palmar/plantar aspect of the fetlock joint 33 (also called 
ununited proxunoplantar tuberosity of the proximal 
phalanx). 1 1 .lineness is usually slight with type 1 frag¬ 
ments and may be performance limiting only at the upper 
levels of competition or performance. Fragments arc 
best demonstrated on dorsoproximal lateral-palmaro 
(plantaro)distal medial or dorsoproximal medial-pal- 
maro{nluntaro)dist,il lateral oblique views (Fig, 
7.38). ‘ Lameness may develop in association with 

type II fragments but is uncommon. 

The patient that has a demonstrable lameness refera¬ 
ble to the fetlock in addition to a radiographically de¬ 
monstrable lesion is a definite surgical candidate. In these 
cases, arthroscopic surgery is an effective means of treat¬ 
ment. 1 “Prophylactic" removal is also practiced in 
young horses. The horse is operated in lareral or dorsal 
recumbency, depending on the preference of the surgeon. 
The arthroscope is placed in the plantar or palmar joint 
pouch after distending the joint with sterile polyionic 
fluid. The arthroscope is positioned to visualize the distal 


part of the joint. An assistant facilitates this step by flex¬ 
ing the joint. After the correct position is ascertained 
with a needle, an instrument portal is made distal to the 
arthroscopic portal so that an instrument moves along 
the base of the sesamoid. The fragment can sometimes 
be visualized, but in other situations a probe is used to 
ensure its location. It can be found between the base of 
the sesamoid and the first phalanx under the central area 
of the sesamoid bone. I’he fragment is separated from 
the soft tissue with a knife and removed by using Ferris- 
Smith cup rongeurs. Debridement of the proximal first 
phalanx is not usually necessary. 

Surgery is rarely indicated with ty pe II osteochondral 
fragments (or ununited proxunoplantar tuberosity of the 
proximal phalanx) (Fig. 7,39). This lesion was seen 
in 18 (2.4%) of 753 Standardbred yearlings radio¬ 
graphed. 1 H All fragments were in the pelvic limb. The 
condition was seen laterally in 16 horses, while one horse 
had a medial and lateral tuberosity affected, and another 
had only one medial tuberosity affected. Lameness was 
not observed in any horse prior to first examination. 
On follow-up examination, 12 lesions in 11 horses had 
united to the proximal phalanx after 6 to 12 months. 
One horse was unchanged after months, and the re¬ 
maining 4 horses had a radiographic worsening of the 
condition, with the ununited proxunoplantar tuberosity 
being more dislocated. Three of these 4 horses also had 



Figure 7.39 Two examples of type II osteochondral fragments (or ununited proxmnoplantar tuberosity of the 

proximal phalanx). 
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calcification of the distal sesamoid ligament and perios¬ 
teal proliferation. Two of the horses with the most severe 
radiographic changes developed lameness and subse¬ 
quently underwent surgery to remove the fragment. Re¬ 
moval of type II fragments, if considered necessary, is 
achieved using an arthrotomy technique distal to the se¬ 
samoid hone. -|t A vertical 4-cm skin incision is made 
on the a ha via I surface of the fetlock joint at the level of 
the proximal first phalanx, which is palpable, and dorsal 
to the palmar digital artery, vein, and nerve, which are 
retracted caudally. The incision is continued through the 
distal part of the anular ligament of the fetlock and joint 
capsule immediately distad to the collateral sesamoid lig¬ 
ament and proximal to the proximal surface of the first 
phalanx. A retractor is used, and with the fetlock flexed, 
exposure of the fracture site is possible. The fracture 
fragment is dissected free and removed. Lag screw of a 
large fracture has also been done. 

in the case of type I fragments operated with arthro¬ 
scopic surgery, hand walking is started at 2 weeks and 
gradually increased over the next 6 weeks. A period of 
2 to 3 months rest before training is resumed is recom¬ 
mended. The convalescent time for fractures removed 
using arthrotomy is 6 months. 

Successful results with type I osteochondral fragments 
have been obtained with arthroscopic surgery. Re¬ 
cently, a series of type I fragments have been reported. 14 
In an earlier scries of 19 horses, 10 were treated with 
arthrotomv and all returned to full use, whereas of 7 
treated inrraarticulany w ith corticosteroids, only I was 
able to return to full use. 4 In another study of palmar/ 
plantar process fractures in 15 horses, all horses that 
were operated on W'ere sound within 6 months after sur¬ 
gery, and 14 returned to an equal or better level of per¬ 
formance. Because of lack of definition of the location 
of fragments and low numbers, prognostic figures are 
not really available with rype II fragments. 

Osteochondral Chip Fractures of Proximal Sesa¬ 
moid Bones. Osteochondral chip fragments amenable to 
removal occur at the apical, abaxial, and basilar margins 
of the proximal sesamoid bones (Fig. 7.40). Arthroscopic 
techniques for the removal of these fragments have been 
developed. Previous dogma has proposed limitations for 
fragment removal based on the size of the fragment and 
the degree of attachment to the suspensory and distal 
sesamoid ligaments. However, current follow-up on the 
author's cases that have been treated arthroscopically 
suggest that limitations should be strictly defined. As a 
generalization, however, the idea that the prognosis will 
worsen with greater involvement of both bone and soft 
tissue attachments is still considered reasonably valid. 
The diagnosis is made radiographically, and special 
view's are used to clearly delineate the articular involve¬ 
ment of ahaxial fragments. Arthroscopic surgerv for re¬ 
moval of sesamoid fragments is performed with the horse 
in either lateral or dorsal recumbency. The arthroscope 
is placed in the most proximal portion of the palmar or 
plantar pouch of the fetlock joint. With partial flexion 
of the joint, a needle is used to ascertain the ideal place¬ 
ment of the instrument portal. Sharp dissection is used 
to separate apical and abaxial fragments from the sus¬ 
pensory ligament as well as the intersesamoid ligament 
in the case of apical fragments. A curved blade is used 



Figure 7.40 Comminuted fragmentation of me a peal and 
abaxial areas ol the sesamoid bone, The horse was able to return 
to athletic activity after arthroscopic surgery. 


to continue dissection, and the fragments are removed 
after separation. Soft tissue attachments are trimmed. 
Fragmentation involving the apex and abaxial portions 
of the sesamoid bone involving more than one-third of 
the articular surface is not considered an ideal candidate 
for removal. A series of cases of abaxial sesamoid frac¬ 
tures has been reported recently. 4 * 3 

Basilar sesamoid fragments are candidates for arthro¬ 
scopic removal if no other pathologic changes are present 
in the fetlock joint (Figs. 7.41 and 7.42). A reasonable 
number of fragments arc small enough that their removal 
does not compromise distal sesamoid ligament attach¬ 
ments. The exact size limitations are still being defined. 
The horses are operated in the flexed position with the 
instrument coming across the base of the sesamoid. 
Sharp dissection is used to sever the fragment from cap¬ 
sular and distal sesamoid ligament attachments. The de¬ 
fects are then dehrided (bone and soft tissue), and the 
joints flushed. 

Os ikk honor,\ i Fragmentation oi ini Tarsus 

Intraarticular chip fragments in the tarsocrural joint 
are relatively uncommon hut do occur. Small fragments 
from the proximal aspect of the medial trochlear ridge 
have been encountered after traumatic injury.' 0 In these 
cases, the fragments may he removed arthroscopically, 
and both the arthroscopic and the instrument portal are 
through the medial plantar pouch. The fragment(s) are 
removed, and the defects in the medial trochlear ridge 
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Figure 7.41 A small basilar chip fragment of the sesamoid 
bone that was removed with arthroscopic surgery. The horse 
returned to racing 


debrtded. Osteochondral fragments also occur in the 
dorsal pouch of the proximal intertarsal joint, and their 
successful treatment with arthroscopic surgery has been 
described . 47 

The most common fractures associated with the tarso* 
crural joints are lateral malleolar fractures. Only a small 
portion of the lateral malleolus is intraarticular, and 
most of these fragments are enclosed within joint capsule 
and collateral ligament (Fig. 7.43). Unless the fragment 
is very small and intraarticular, arthroscopic surgery is 
not the appropriate treatment. The clinical and radio- 
logic features as well as the surgical technique and results 
for removal of these fragments have been reported in 
16 horses. 51 Fourteen fractures were unilateral and two 
were bilateral. The history included a known traumatic 
incident in 14 of the 16 horses. All animals had tarso- 
crural joint effusion, and 10 had palpable thickening of 
the lateral collateral ligament. A fracture was identified 
in all dorsoplantar and 14 of 18 dorsomcdial-plantaro- 
lateral oblique radiographic projections. Nine fractures 
were simple and 9 were comminuted. All were removed 
via a tarsocrural arthrotomy (dorsolateral in 14, plan- 
tarolateral in 3, and dorsolateral and plantarolateral in 
1). Horses were returned to work 6 months after surgery. 
Fifteen horses were free of lameness after 17 to 62 
months, with 13 animals performing at a level similar 
to their preinjury standard. 



Figur* 7.42 Fragment from the base of a sesamoid bone (long 
arrow) in a fetlock joint that also exhibits palmar metacarpal 
disease (short arrows). In such a case, surgery is contraindicated, 
and the pathogenesis of the fragment is pathologic 


Osteochondral Fragmentation of the 
Femoropatellar Joint 

Osteochondral fragmentation of the distal aspect of 
the patella has been described by the author and is associ¬ 
ated with medial patellar desmotomy. 11 Based on an ex¬ 
perimental study, it is felt that the medial patellar desmo- 
tomy creates a period (probably temporary) of 
instability, which leads to traumatically induced frag¬ 
mentation of the distal aspect of the patella. ” It is not 
necessarily a single traumatic event, however. 

Horses present with fibrous thickening associated 
with the patellar desmotomy and synovial effusion in 
most instances. Radiographic changes include bony frag¬ 
mentation, spurring (with or without an associated sub¬ 
chondral defect), subchondral roughening, and subchon¬ 
dral lysis of the distal aspect of the patella. 1 lorses may 
be treated with arthroscopic surgery. The lesions at ar¬ 
throscopy vary from flaking, fissuring, undermining, or 
fragmentation of the articular cartilage to fragmentation 
or lysis of the bone at the distal aspect of the patella. 
Of 12 horses reported initially, 8 became sound at their 
intended use, 1 was sold in training without problems, 
l was in training without problems, I never improved, 
and 1 was in convalescence. 31 
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Figure 7.43 Dorsopiantar radiograph demonstrating a fracture 
of the lateral malleolus of the tibia. 


Fracture fragments also occur from the lateral arid 
medial aspects of the patella. ’"These are associated with 
an acute traumatic event (direct trauma on the patella 
is the usual situation)* There is severe lameness referable 
to the stifle, as well as swelling, including fcmoropatellar 
effusion. Conventional radiographs may show sufficient 
changes, but a skyline radiograph of the fcmoropatellar 
joint is usually necessary to define the fracture. These 
cases have been treated w ith arthroscopic removal of the 
fragments using the same arthroscopic portal as that 
used for operating OCD. A medial or lateral portal, as 
appropriate, is used. It is important to have correct direc¬ 
tion, as the fragmentation often extends from dorsal to 
proximal limits of the patella. 

OSTFTKHONDKAI FRAGMENTATION OF THE 
Ft MOK( >TI HI Al J CM NT 

Traumatic injuries in the femorotibial joints have be¬ 
come more recognized in recent years with the develop¬ 
ment of femorotibial arthroscopic techniques. The most 
common injuries are ones involving the cruciate liga¬ 
ments and menisci. However, traumatic injury to articu¬ 
lar cartilage and/or bone may also occur in the joint. 
Fractures of the intercondylar eminence of the tibia occur 
and can range from being small to quite large (Fig. 7.44). 
These were previously diagnosed as avulsions of the cru¬ 
ciate ligament and considered to represent a loss of cruci¬ 
ate integrity. However, a large part of the eminence does 
not provide attachment to the cruciate ligament, and ar¬ 
throscopic removal of these fragments is appropriate and 
can yield a good prognosis. 


Figure 7.44 Cranial caudal radiograph of a jumper with a 
fracture of the intercondylar eminence of Ihe tibia before (A) and 
after (B) arthroscopic removal 


Debridement of Akucuiar Surface Defects 

The limitations of articular cartilage repair have long 
been recognized and are discussed above (page 475). 
Fibrocartilage is biochemically and biomechantcally de¬ 
fective, is unsuitable as a replacement bearing surface, 
and has been shown to undergo mechanical failure with 
use. This lack of durability may be related to faulty bio¬ 
chemical composition of the matrix or incomplete re¬ 
modeling of the interface between old and repair carti¬ 
lage, as well as abnormal stresses and degeneration 
associated with abnormal remodeling of the subchondral 
bone plate and calcified cartilage layer. 

Loss of articular cartilage occurs in association w ith 
acute traumatic injur)' and also from OA. A cartilage 
defect may not represent clinical compromise, at least in 
some acute situations. Loss of up to 30% of the visible 
articular surface of a carpal bone, for instance, does not 
compromise the successful return of the horse to rac¬ 
ing." On the other hand, a 50% loss of the articular 
surface or a severe loss of subchondral bone carries a 
significantly poorer prognosis. 
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The repair of articular cartilage necessitates consider¬ 
ing two situations: 1) superficial defects that do not pene¬ 
trate the full thickness of the articular cartilage and 2) 
full-thickness defects. Superficial defects in equine artic¬ 
ular cartilage do not heal, whereas full-thickness defects 
heal through formation of granulation tissue and its sub¬ 
sequent metaplasia resulting in a mixture of fibrous tis¬ 
sue and fibrocartilage (see Chapter 3). However, partial- 
thickness defects, while not healing, are not necessarily 
progressive, and the author's approach to debridement 
of such defects is conservative. The use of partial-thick¬ 
ness chondrectomy down to relatively healthy chondral 
tissue (shaving) has been used in humans to smooth the 
fragmented cartilage area, and this may decrease further 
tissue exfoliation, producing (in conjunction with joint 
lavage) early remission of synovitis. However, controlled 
work is necessary to evaluate the usefulness of such de¬ 
bridement. In one study, articular cartilage was shaved 
on the underside of the rabbit patella with no evidence 
of repair and no evidence of degenerative changes in 
either the superficially or deeply shaved areas. 38 Results 
of ultrastructural studies after arthroscopic cartilage 
shaving suggest that shaving does not help. The results 
of a study in humans that involved follow-up arthros¬ 
copy for chondromalacia of the knee, with or without 
cartilaginous shaving, led to the conclusion that only 
loosely hanging articular cartilage material should be 
shaved and softened or nonloose fissured articular carti¬ 
lage should be spared 1 

With full-thickness lesions, inadequate healing has 
been well substantiated, and as yet, no surgical proce¬ 
dure has been shown to change this situation signifi¬ 
cantly. A relatively conservative approach with debride¬ 
ment of deeper defects thus is used. Any rough edges of 
the defect are smoothed, and adjacent undermined or 
fragmented cartilage is removed, usually using a forceps 
or bone curet. This protocol is based on the belief that 
any type of loose articular cartilage or bone is irritating, 
and its prospects of healing onto hone virtually nil. Full¬ 
thickness defects are debrided to the level of subchondral 
bone, and any soft defective bone is removed. 

The author also feels that deeper extensive debride¬ 
ment using motorized equipment is unnecessary and can 
cause problems in the carpus and fetlock. If the debride¬ 
ment extends beyond the level of attachment of the joint 
capsule, increased capsulitis and enthesitis postopera- 
lively is a possibility, 

Relating some of these ideas to follow-up manage¬ 
ment, the material that fills the defects left by fresh local¬ 
ized chip fragments is not of major concern. The area of 
the defect is not critical to the horse’s joint function, and 
if other sources of irritation have been removed, athletic 
function should be limited only by soft tissue handling, 
and an early return to training can be achieved. When 
the lesions are more severe, the importance of an intact 
subchondral bone support becomes more relevant. How¬ 
ever, as mentioned above, methods of modulation for 
optimal healing have yet to he developed. 

The potential usefulness of debridement in cases of 
extensive OA is commonly questioned. Debridement has 
been shown to be a useful technique in OA in humans, 
but its primary usefulness has been for partial meniscec¬ 
tomy, limited debridement of loose articular cartilage, 
and removal of loose bodies in joints that also happen to 


have degenerative changes. 1 It is felt the same principles 
apply in the equine situation. When OA is present prior 
to surgery, the prognosis is always guarded, because re¬ 
moval of fragmentation does not result in athletic sound¬ 
ness in most cases. Early arthroscopic treatment of osteo¬ 
chondral fragmentation is critical to minimizing the 
development of OA. 
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SPECIFIC DISEASES OF JOINTS: 
OSTEOARTHRITIS (DEGENERATIVE 
JOINT DISEASE) 

OA may be considered as a group of disorders charac¬ 
terized by a common end stage: progressive deterioration 
of the articular cartilage accompanied by changes in the 
bone and soft tissues of the joint. The deterioration of 
the articular cartilage is characterized by local splitting 
and fragmentation (fibrillation) of articular cartilage. 
Synovitis and joint effusion arc often associated with the 
disease. Clinically, the disease is characterized by pain 
and dysfunction of the affected joint. Human OA has 
been classified conventionally into primary and second¬ 
ary varieties. 23 The term “primary” is used when the 
causes are unidentified and is rvpified by the insidiously 
developing disease of old people. The term “secondary” 
is used when an ctiologic factor can be demonstrated. 
The “term degenerative joint disease” has been used as 
a synonym for primary OA. However, as more ctiologic 
factors become identified, the distinction between pri¬ 
mary and secondary lessens, and osteoarthritis is now 
used synonymously w ith all forms of OA. 3 ' With the 
exception of idiopathic synovitis, all the other joint con¬ 
ditions described in this chapter could potentially lead to 
OA if thev are severe enough or treated inappropriately. 

There have been various interpretations of OA in the 
horse. 41 The morphologic changes have been well de¬ 
fined in these accounts, but OA is not a simple morpho¬ 
logic event. Biochemical and molecular events have been 
recognized in recent years. These events are reviewed 
above in the pathobiology section. 

Clinical Entities 

To facilitate discussion of pathogenesis, diagnosis, 
and treatment, it is appropriate to divide OA in the horse 
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Table 7.1 DEGENERATIVE JOINT DISEASE ENTITIES 
IN THE HORSE 


Type 


1. Acute—associated with synovitis and high-motion joints 

2. Insidious—associated with low-motion joints 

3. Incidental or nonprogressive” articular cartilage erosion 

4. Secondary to other identified problems 

(a) Intraarticular fractures 

(b) Dislocations/! igamentous rupture 

(c) Wounds 

(d) Septic arthntis 

(e) Osteochondrosis 

5. Chondromalacia 


into four entities and a fifth condition of uncertain status 
(Table 7,1 ). The first type typically affects athletes. It is 
commonly associated with racing and affects the highly 
mobile joints such as the carpal and metacarpopha¬ 
langeal joints. 33,3 ** Acute inflammatory changes (synovi¬ 
tis and capsulitis) accompany, and usually precede, the 
degenerative process. The second type may be insidious 
and involves the high load-low motion joints such as the 
intcrphalangeai (ringbone) and intcrtarsal (bone spavin) 
joints. This type was initially classified as a disease that 
predominates in mature and aged horses, 3 ** but it is also 
a major problem in young competitive horses. The third 
type includes a series of changes in the articular cartilage 
that may be recognized during routine necropsies 9 ’ 3 *’**’ 
■'I,?* j, ut are 0 f questionable clinical significance/*" 6 
Sippel noted that the extent of various joint changes in 
equine joints at routine necropsy did not correlate with 
the amount of lameness but was more associated with 
age. 7 * This entity may be comparable to the degeneration 
observed with age in human joints (also called primary 
OA). 7 * The fourth type of DJD includes cases that de¬ 
velop secondarily to some other primary joint problems 
such as intraarticular fractures, unresolved osteochon¬ 
drosis/" tarsal bone collapse/"' 75 flattening and erosion 
of the distal palmar aspect of the third metacarpal 
bone/ 1 * 5 ® and infective arthritis. The fifth type of OA 
is reserved for chondromalacia of the patella, which is 
characterized by cartilage fibrillation on the articular 
surface of the patella. 


Pathologic Changes 

Destruction of the articular cartilage is the essential 
pathologic component in a series of events, some degen¬ 
erative and some regenerative, which ultimately affect 
all the tissues and structures of the joint. As implied 
above, the intensity and clinical significance of these 
changes will vary, and there will be a variety of charac¬ 
teristic manifestations depending on the joint affected. 
However* destruction of articular cartilage is the sine 
qua non for OA, and its characteristics arc reviewed here 
before specific changes are considered. 

On gross observation the articular cartilage first loses 
its normal luster and consistency, becoming yellow 1 and 



Figure 7.45 Early osteoarthritis with discoloration and blister 
formation in the articular cartilage 


soft (Fig. 7.45). Blister formation is a common early 
change (Fig. 7.45)/* and this leads to pitting and superfi¬ 
cial fraying of the cartilage. Progressive loss of cartilage 
is then manifested in a number ot ways and has been 
assigned a variety of terms. Thinning of the cartilage 
involves an even decrease in its thickness and may be 
physiologic, as in the ‘butterfly area” of articulation be¬ 
tween the third metacarpal or third metatarsal bones and 
the proximal sesamoid bones. “Wearing*' is another 
term that mav be considered synonymous with superfi¬ 
cial erosions; 6 it is manifested as partial-thickness loss 
of cartilage (see Fig. 7.54). “Ulcerations” are localized 
defects in cartilage that probably follow blister forma¬ 
tion. “Erosion” represents full-thickness Joss of carti¬ 
lage. 56 '* It may be localized or widespread (see Fig. 
7.54). When the subchondral bone becomes exposed, 
the term “eburnation" is used to describe the polished 
sclerotic appearance that develops. y With continued 
wear, “grooving” may develop within the ebumared 
subchondral bone (Fig. 7.46). Other changes are illus¬ 
trated in Figure 7.47. Grooves or “wear lines" are a fre¬ 
quent finding of articular cartilage ot equine ginglymal 
joints and appear as lines running in the direction of 
joint motion. 3 *’ 5 *’ 1,76 They vary in width up to 5 mm 
and may be superficial or deep (Fig. 7.48), 

The essential histologic lesion is progressive disrup¬ 
tion of the articular cartilage along the planes of the col- 
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Figure 7.46 Osteoarthritis with partial-thickness and full- 
thickness erosion of articular cartilage 



Figure 7.47 Degenerative joint disease with grooving in 
ebumated subchondral bone 


lagenous fibrils of rhe matrix. When the disruption is 
confined to the tangential layer of the matrix, the process 
has been referred to as “flaking'* or “early fibrilla¬ 
tion" J {Fig. 7.49). When the process extends to the ra; 
diate layer it is described as “fibrillation" (Fig. 7.50). 15,7 
Early fibrillation is manifested as discoloration or thin¬ 
ning at the gross pathologic level. Fibrillation into the 
intermediate layer may be represented by superficial ero¬ 
sion. Blisters are considered to represent a sequence of 
focal edema and localized fibrillation. 56 As fibrillation 
extends through the radiate layer, vertical clefts are 
formed, and full-thickness fragmentation and loss of ar¬ 
ticular cartilage can occur (Fig. 7.51), This degree of 
change is represented grossly by full-thickness erosion. 
Wear lines arc represented histologically by varying lay¬ 
ers of fibrillation, with deep ones appearing similar to 
deep erosions. 56 Fibrillation is purely a morphologic 
endpoint and can result from many different normal and 
abnormal factors. 2 ' 

There is a variable amount of necrosis among the 
chondrocytes of fibrillarcd cartilage. 50 Multicellular 
clusters, or chondrons, develop from other viable chon¬ 
drocytes and are considered a reactive response (see Fig. 
7.59). In addition to the above morphologic changes, 
histochemical staining indicates depletion of proteogly¬ 
cans from the articular cartilage, and the water content 
of the cartilage increases. 4 ' 



Figure 7.48 Wear lines of the distal articular surface of the 
third metacarpal bone as visualized at arthroscopy. 
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Figure 7.49 Earty morphologic change in articular cartilage with 
osteoarthritis. There is disruption of the tangential layer and 
cfiondron formation in the intermediate layer, 



Figure 7. SO More advanced morphologic change tn articular 
cartilage with osteoarthritis. Fibrillation of the matrix has extended 
into the intermediate layer. There is overall loss of chondrocytes 
and some chondron formation. 



Figure 7,51 FulMhickness fibrillation with severe osteoarthritis. 
Fibnilated pieces of cartilage are being shed from the bone 


Lesions that accompany articular cartilage changes 
include marginal ripping or osteophytosis and subchon¬ 
dral bone sclerosis. 68, 6 The latter is the result of reac¬ 
tive new bone formation in the subchondral end plates. 
Subchondral cyst formation has been reported as a sec¬ 
ondary’ change in equine OA s,i but is not observed as 
commonly as ir is in humans. (One needs to distinguish 
secondary subchondral cysts from the cystic bony lesions 
of osteochondrosis.) Inflammatory changes (acute and 
chronic) in the synovial membrane and fibrous joint cap¬ 
sule also occur, resulting in villous hypertrophy of the 
synovial membrane and fibrosis of the joint capsule. 40 * 1 ’ 
In the highly mobile joints of the racehorse (type 1 
OA), changes are first seen near the joint margins. 711 
There is a sequence of cartilage discoloration, fraying, 
erosion, and ulceration in discrete areas. Wear lines are 
common, secondary to chronic osteochondral fragmen¬ 
tation in the carpus and fetlock. Synovitis is prominent 
in early OA of these joints. In addition to marginal osteo¬ 
phyte formation, fibro-osseous proliferation occurs over 
the central dorsal surface of the carpal hones and the 
distal end of the radius. These changes are associated 
with concurrent traumatic damage to the attachments 
of the joint capsule and ligaments. " 

DJD of the intcrphalangc.il (ringbone) and distal in* 
tcrtarsal and tarsometatarsal mints (bone spavin) (type 
2 OA) is characterized by periosteal proliferation, with 
a tendency toward bony ankylosis in advanced cases. In 
some cases, the periarticular proliferative changes may 
be present in the absence of intraarticular OA. When 
OA of the proximal interphalangeal joint develops, the 
rypical pathologic changes are severe and include wide¬ 
spread erosion, subchondral bone sclerosis and ebuma- 
tion (in most cases), and marginal osteophytes as well 
as periosteal exostoses. An exceptional characteristic 
that may be found in bone spavin and in a few instances 
of ringbone is lysis of subchondral bone, as opposed to 
the subchondral sclerosis typically seen in other joints. 51 

The various changes in the articular cartilage found in 
the third (nonclinical) group include blisters, wear lines, 
ulcerations, and superficial erosions, JA,7,> Wide areas of 
erosion or eburnation are not observed. Another non¬ 
clinical cartilage defect routinely observed at specific 
sites in various joints is the synovial fossa. 1,76 Synovial 
fossae, or fossae nudatae, arc sharply defined depres¬ 
sions of the articular cartilage. In the floor of the lossa 
the cartilage is reduced to a thin sheet of very irregular 
thickness separated from the articular surface by a loose 
pannus. The locations of synovial fossae have been yvell 
described by Sippel. 6 Synovial fossae develop postna- 
tally, 74 are seen in all horses over 3 years old, and are 
unassociatcd with lameness. * It seems that in the later 
development of the fossae, the cartilage in the floor of 
the fossa may be completely removed and replaced by 
pannus, which is vascularized by the spread of vessels 
either from the neighboring synovial tissue or from the 
underlying marrow.However, this does not clarify the 
origin or development of the fossae. 1“hcy have been con¬ 
sidered to be due to lack of proper contact, but the fossae 
do not consistently form in areas of no contact. Regular 
sites for synovial fossae in the horse include I) the distal 
end of the humerus, 2) the proximal extremities of the 
radius and ulna (see Fig. 7,62), 3) the intermediate ridge 
of rhe distal end of the tibia, and 4) the intertrochlcar 
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groove of the tibiotarsal bone. Less common sites for 
svnovial fossae in the horse include the distal ends of 
the third metacarpal and metatarsal bones, apposttiona) 
surfaces of the proximal and middle phalanges, and the 
medial trochlear ridge of the talus. 6 The main impor¬ 
tance of synovial fossae is recognition of their existence 
so they arc not confused with cartilaginous erosions of 
OA. 

Correlation Between Pathologic Changes and 
Clinical Signs 

It was noted above that some articular cartilage le¬ 
sions may be of questionable clinical significance. Most 
of the lesions in Sippel’s series were clinically insignifi¬ 
cant, and this study helped define a baseline of normal, 
age-related changes as well as identify the sites for syno¬ 
vial fossae. ' 

It has been recognized in humans that fibrillation in 
articular cartilage can develop in the absence of clinical 
signs of OA Two types of alterations in articular carti¬ 
lage have been described in the human hip/ The first, 
“nonprogressive/' is limited to cartilage alteration and 
is related to age. The second type, a “progressive” lesion, 
is that of OA. Whether the aging “nonprogressive” le¬ 
sion has the potential to progress to clinical disease is not 
clear. Such a classification system may be appropriate to 
the horse to distinguish the noncltnical lesions (observed 
incidentally at necropsy) from the clinically significant 
ones. 

Even in clinically affected joints, the relationship be¬ 
tween the amount of lameness and the cartilage degener¬ 
ation is not easily established. Clinical problems in the 
fetlock have been considered to correlate with the articu¬ 
lar cartilage lesions/ 8 * 71 However, in another careful 
study in the fetlock, there was a good correlation be¬ 
tween lameness and the pathologic changes in the syno¬ 
vial membrane and fibrous joint capsule. Degenerative 
cartilage lesions were not well correlated with evidence 
of pain, and wear tines were seen in most cases. Degener¬ 
ative cartilage lesions were not considered to be painful 
if they did not involve subchondral bone. 

In summary, although articular cartilage lesions are 
the indispensable criteria of OA, they may not be the 
centrally important cause of clinical disease. The clinical 
significance of lesions that extend into subchondral bone 
is not disputed; however, the clinical significance of more 
superficial lesions associated with age and wear and tear 
requires better definition. Also, cartilage breakdown 
products have been shown to cause synovitis when in¬ 
jected into joints. 10 The amount that articular cartilage 
damage contributes to synovitis m equine OA is not 
known. 

Use Trauma as an Etiologic Concept 

In more recent times, “use trauma” has become the 
central etiologic concept for OA/** 70, 1 The various 
forms of traumatic arthritis described above can all po¬ 
tentially lead to DJD. Although trauma is considered to 
be the important factor in initiating OA, ' the pathways 
by which trauma leads to disease need careful examina¬ 
tion, particularly in OA of the high-motion joints. 

Considerable damage may be inflicted directly to the 
cartilage in regions of concussion, as exemplified by frac¬ 


tures of the carpus. It has been postulated that ulcerative 
lesions may develop as a consequence of direct concus¬ 
sion when the joint moves beyond its closed-packed posi¬ 
tion into overextension. 71 The closed-packed position is 
achieved when the joints move into perfect congruity at 
the time of maximal loading. !,M It has also been sug¬ 
gested that abnormal movement may also cause synovial 
fluid turbulence and joint lubrication defects, with re¬ 
sulting frictional wear. 7 This idea was based on hydro- 
dynamic lubrication concepts that are now considered 
untenable. 64 These principles are outlined above. In a 
recent study with a synthetic-bearing test system, no defi¬ 
ciency in the boundary-lubricating ability of synovial 
fluid from horses with OA could be found/ s 

In humans, wear and tear on the articular cartilage 
has also been related to the changing geometry of di- 
arthrodi.il joints with age. 7 It has been reported that 
there is greater congruity of the articulating surfaces in 
older people and the distribution of load and the magni¬ 
tude of local stress consequently change. Age-related de¬ 
generative changes occur in the unloaded, rather than 
the loaded, part of the joint. The significance of this age- 
related change in congruity may be that with the redistri¬ 
bution of load on formerly unloaded cartilage, areas of 
the joint that have become deficient in proteoglycans be¬ 
cause of extended lack of use come to bear considerable 
stress, and they are poorly suited to these loads and break 
down with physical stress. Whereas this aspect cannot 
be directly extrapolated to OA in the young racehorse, 
it may be relevant. The change from non-weight-bearing 
to weight-bearing may be relevant to varying training 
programs and change in work. Training is probably nec¬ 
essary to have the cartilage in the best state to resist wear. 
It has been shown that with loading on previously un¬ 
loaded cartilage, it is possible to modulate the GAG con¬ 
tent of the cartilage. 

Direct damage to the cartilage is not the only route 
by which trauma contributes to O A, and cartilage degen¬ 
eration is not necessarily the primary lesion. There is 
evidence in humans to suggest that trauma causes micro¬ 
fractures of the subchondral bone, which subsequently 
stiffens. This results in decreased shock absorption and 
subsequent cartilage degeneration/ "** 7 In many cases of 
OA of the high-motion joints of young racehorses, the 
initial changes in the joint are characterized by acute 
synovitis and capsulitis (type 1 traumatic arthritis). To 
appreciate the importance of this synovitis/capsulitis in 
the pathogenesis of OA, it is appropriate to review the 
pathobiologic events associated with synovitis (pre¬ 
sented above). 

The pathogenesis of the other OA entities in the horse 
can be discussed more briefly. The more insidious entities 
of the interphalangcal, mtertarsal, and tarsometatarsal 
joints (type 1 DJD) have some unique characteristics. Use 
trauma is the obvious etiologic ractor. Standardbrcds, 
Quarter Horses, and jumping horses all have particular 
demands placed on their hock joints, and any of the in¬ 
sults can be exacerbated by conformational defects, 
shoeing that does not allow normal sliding of the hoof, 
and other factors. Similarly, ringbone is seen commonly 
in horses when a lot of jarring motion is placed on their 
hindlimbs, such as in a working Quarter Horse. Rupture 
of collateral ligaments with luxation or subluxation 
(type 2A traumatic arthritis) acts as a particularly severe 
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traumatic insult and often results in DJD. The marked 
periosteal bone production that characterizes these dis¬ 
eases is presumably associated with stretching and tear¬ 
ing of the joint capsule and ligamentous attachments. 
T he observation of nonarticular bony proliferation in the 
pastern (denoted "false ringbone" 11 ) tempts speculation 
that periarticular changes arc the precursor of intraartic- 
ular degeneration ("true ringbone"), but the relationship 
has not been defined. A relationship between ringbone 
and conformation has been established in the Norwegian 
Dole. 2 * Ringbone is similar to the entity of Hcbcrden’s 
node in humans, and both genetic and environmental 
factors have been incriminated with this disease entity. 
Why bone spavin and ringbone are sometimes associated 
with subchondral lysis and sometimes with subchondral 
sclerosis is unknown. An entity of pastern DJD associ¬ 
ated with osteochondrosis in weanling-age horses has 
been recognized. 512 

The series of changes that are poorly correlated with 
clinical problems (group 3) may reflect intrinsic degener¬ 
ation associated with age. It is equally logical, however, 
to superimpose the trauma of continued use on this in¬ 
trinsic degeneration when considering the pathogenesis 
of these lesions. 

The fourth group of equine DJD consists of problems 
in which a primary cause other than use-trauma has been 
identified. However, the pathogenesis in some of these 
primary diseases such as OCD,* 11 tarsal bone col¬ 
lapse,^ 5 and erosion of the distal palmar aspect of the 
metacarpus 21,5 H is still uncertain. Osteochondrosis in 
some joints is often sufficiently severe to cause DJD, 
while in others it rarely does so. Such variation is dis¬ 
cussed in the osteochondrosis section in this chapter. 
DJD can follow infectious arthritis when the septic pro¬ 
cess has been treated successfully but not before cartilage 
degeneration has occurred. The pathogenesis of articular 
cartilage destruction in infectious arthritis is discussed 
in the infectious arthritis section in this chapter. 

The concepts of marginal osteophyte formation also 
need clarification. Bony proliferations generally have 
one or two patterns of growth in DJD. The bony prolifer¬ 
ations that develop within joint capsule and ligamentous 
attachments to the periosteum are considered to be asso¬ 
ciated with tearing and stretching of the attachments. 
The origin of the osteophytes that arise at the marginal 
transition zone (junction of articular cartilage, synovial 
membrane, and periosteum) is more controversial. They 
have been described as a response to limit, and they con¬ 
trol the initial pathologic lesion (erosion of cartilage) bv 
extending the surface area of the articular cartilage and 
thereby reducing concussion and limiting motion of the 
joint. 4 , lt> However, osteophytes can develop at the tran¬ 
sition zone before any morphologic cartilage damage is 
observed. 41,4K It has been proposed that the formation 
of these osteophytes is initiated at the transition zone by 
the release of GAGs from the cartilage matrix. 11 A num¬ 
ber of irritants cause such changes, and there is a poor 
correlation between the degree of articular cartilage 
change and osteophyte production. 47. There is experi¬ 
mental evidence that synovitis can produce osteophytes 
in equine joints. 41 It seems likely that osteophytes are 
produced by multi potential cells in response to a number 
of substances that are released in inflamed and/or degen¬ 
erate joints. It Has been suggested that direct trauma** 


and instability 4 * may also be involved in the pathogene¬ 
sis of marginal osteophytes. 

Diagnosis 

The clinical signs vary with the type and degree of 
OA as well as with the amount of acute inflammation. 
In high-motion joints with acute synovitis, there will be 
lameness, heat, swelling of the joint (synovial effusion, 
joint capsule, and periarticular components), and pain 
on flexion. In more chronic cases, joint enlargement is 
associated with fibrous tissue deposition (some bony en¬ 
largement may also be present), but some acute inflam¬ 
matory signs may persist. There is decreased motion. Lo¬ 
calization of the problem may be confirmed by local 
nerve blocks or imrasynovial analgesia. Obviously, the 
above-mentioned signs are similar to those of traumatic 
synovitis and capsulitis described above, and identifica¬ 
tion of the disease as OA is based on radiographs and/ 
or arthroscopy. (Heat or joint effusion an* not usually 
observed in cases with flattening of the dtsropalmar as¬ 
pect of the third metacarpal bone. 11 } 

In the low-motion joints, the most prominent signs 
are joint enlargement and exacerbation of the lameness 



Figure 7.S2 Dorsopalmar radiograph ol pastern |otnt with 
osteoarthritis showing decreased joint space, subchondral 
sclerosis, and marginal osteophytosis. This case was treated by 
surgical arthrodesis. 
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with flexion. The radiographic diagnosis of OA is well 
documented. w - 5 5 * 5 7 « J * The characteristic radiographic 
features of OA include narrowing or loss of joint space, 
subchondral bone sclerosis, marginal osteophyte forma¬ 
tion, and periosteal bone proliferation (Figs. 7.52 and 
7.53). Alternatively, ankylosis may develop (Fig. 7.54). 
Subchondral lysis is often observed in DJD of the distal 
intertarsal (centrodtstal) joint (Fig. 7.55). The special ra¬ 
diographic features of chronic synovitis tn the fetlock 
(concavity of the cranial aspect of the sagittal ridge of 
the third metacarpal bone and indentation of the caudal 
aspect of the third metacarpal bone in association with 
chronic effusion 10 ) are described above. These may be 
observed in cases of OA of the fetlock in association with 
additional radiographic changes. 517 

I he clinical signs in the fourth OA group are generally 
characteristic of the specific primary problem. The clini¬ 
cal features of osteochondrosis and infective arthritis are 
described elsewhere. Degenerative changes resulting 
from these conditions are typically recognized with ra¬ 
diographic examination, arthroscopy, or arthrotomy. 
Degenerative changes associated with intraarticular frac¬ 
tures are also recognized radiographically and can be 
further defined with arthroscopy. 



Figure 7.53 Severe osteoarthritis ot the rntdcarpal and 
carpometacarpal joints consequent to a slab fracture There is loss 
of joint space and considerable periosteal bone proliferation 



Figure 7.54 Osteoarthritis of the fetlock joint demonstrated by 
collapse ot the medial joint space, shifting in the sagittal ridge- 
sagittal groove positioning, and subchondral sclerosis. This horse 
was treated with fetlock arthrodesis 


There is considerable disparity between radiographic 
and pathologic changes/*'' Marked cartilage degenera¬ 
tion can be present with equivocal radiographic signs. 
Contrast arthrography provides limited additional infor¬ 
mation.' The use of arthroscopy in diagnosing cartilage 
degradation in the absence of radiographic signs is dis¬ 
cussed above. As mentioned, conventional synovial fluid 
analysis has not been very useful in characterizing the 
degree of cartilage degeneration, but newly developed 
markers are useful. 

Treatment 

OA is the result of a number of different pathologic 
processes and the choice of treatment and its effective¬ 
ness will depend on the stage of the disease and the de¬ 
gree of active inflammation present. Specific treatments 
toward the resolution of cartilage degeneration and pro¬ 
liferative bony change are limited, but attention to any 
soft tissue inflammation may be of considerable benefit 
to the patient. The rationale for the various treatment 
techniques, whether traditional or new, should be exam¬ 
ined with reference to current information and patho¬ 
genesis of OA in the horse. 15 
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Figure 7.55 Oblique radiograph of tarsus with osteoarthritis of 
the distal intertarsal and tarsometatarsal joint Note the penosteal 
proliferation and subchondral lysis 


The principles of treatment of clinical DJD can he 
divided into three areas. The first is prevention or treat¬ 
ment of any primary cause. Use-trauma can seldom he 
eliminated, hut in cases of intraarticular fractures, infec¬ 
tive arthritis, or osteochondrosis, for example, proper 
treatment of the primary problem is appropriate. The 
second principle is treatment of active soft tissue disease 
contributing to articular cartilage degeneration. This in¬ 
cludes the use of rest, physical therapy, anti-inflamma¬ 
tory drugs, joint lavage, sodium hvaluronan, PSGAG, 
and synovectomy. The third principle is treatment (if 
possible) of the cartilage degeneration of fulminant DJD. 
This may include articular cartilage curettage, osteo¬ 
phyte removal, subchondral drilling, micropicking, and 
surgical arthrodesis, as well as some recently developed 
medications that are considered to promote cartilagi¬ 
nous healing. There is good evidence to suggest that the 
chondrocytes in OA articular cartilage are metabolically 
hyperactive, 46 but at a certain point in the osteoarthritic 
process, reparative cellular activity and proteoglycan 
synthesis appear to fail, leading to progressive cartilage 
destruction.' 4 Not only do cytokines such as 11,-1 and 
TNF-<r play a central role by inducing expression of car¬ 
tilage-degrading enzymes such as matrix metalloprotei- 
nases and depressing the synthesis of major matrix com¬ 
ponents, bur it is felt that other changes may take place 
in the normal mechanisms of growth factor stimulation. 
For instance, in rabbit experimental OA there is a de¬ 
crease of cartilage TGF-# receptor expression. TGF-/? 
receptor II is absolutely required to bind TGF-/J and 
form a heteromeric complex with TGF-/3rl. It is felt that 
this may cause reduced sensitivity of the articular chon¬ 
drocytes to TGF-/3 during development of the osteoar- 
thritic process. This would mean that the repair potential 
is no longer capable of balancing the erosive process. 


thus an irreversible degradation calces place. Flucidarion 
of these mechanisms and appropriate growth factor aug¬ 
mentation and other biologic manipulations may help 
heal articular cartilage in the future. 6 

Specific treatment methods are discussed below. 

Restand Physical Therapy. The use of rest in the treat¬ 
ment of synovitis/capsulitis is discussed under “Specific 
Diseases of joints: Traumatic Arthritis." Discontinua¬ 
tion of hard work is important in the management of 
many cases of OA. 51 * 70 During this rest period, daily 
walking and passive joint manipulation are appropriate. 
The use of rest is primarily aimed at restoration of soft 
tissue function. How much positive effect rest has on the 
resolution of cartilage erosion or bony proliferation is 
uncertain. However, there is some evidence that appro¬ 
priate exercise can modulate the quantity and quality of 
the cartilage GAGs. 1 In a study in rabbits in which full¬ 
thickness articular cartilage defects were created, the 
metaplasia of the healing tissue from undifferentiated 
mesenchymal tissue to hyaline articular cartilage was 
much more rapid and complete when the joints were 
subjected to continuous passive morion than with either 
immobilization or intermittent active motion. Whereas 
such a treatment modality is impractical in the horse, the 
work demonstrates that the healing response in articular 
cartilage can he modulated to some degree. Ultrasound 
has been used. XH 

Dimethyl Sulfoxide, The use of DMSO in traumatic 
arthritis is discussed above. The use of DMSO may help 
resolve acute inflammation as well as chronic fibrosis. 

It has also been suggested that DMSO plays a role in 
OA because of its local analgesic properties rather than 
any specific anti-infiammatorv effect.' Whatever the sit¬ 
uation, advantages in pain relief have been demonstrated 
in human OA. 

Joint Lavage.T he rationale for joint lavage has already 
been discussed with traumatic arthritis. This technique 
may be useful in DJD if active synovitis is still present. 
As noted above, cartilage breakdown products can pro¬ 
mote or induce synovitis. 10 An additional rationale is 
that lavage may rid the joint of deleterious factors such 
as MMPs, PGF. 2 , cytokines, and free radicals. 

Conventional Medications. NSAlDs, corticosteroids, 
HA, and PSGAGs have all been used in the treatment of 
arthritis. It is generally accepted that they provide symp¬ 
tomatic relief to synovitis and do little to help articular 
cartilage. Drugs that are currently used in the treatment 
of OA can be divided into two classes: those that act 
symptomatically and those that have the potential to 
alter the course of the disease. The ones that fall into the 
second category have been classified as DMOADs. 1 *' To 
he accepted as a DMOAD, it needs to be demonstrated 
that the drug will prevent articular cartilage destruction 
while providing efficacy in vivo. 81 Classically, corticoste¬ 
roids have been criticized because of their supposed dele¬ 
terious effects. However, recent work in our laboratory 
has demonstrated enhancement of GAG content and 
GAG synthetic rate in the articular cartilage of joints 
containing chip fractures, experiencing synovitis, and 
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being injected with TA. The GAG content and GAG syn¬ 
thetic rate were higher in the joints treated with cortico¬ 
steroid than in others. There have been numerous in vitro 
and in vivo studies with these medications (discussed 
above). At the present time* often the only treatments 
available arc indeed such conventional medications. 

New Treatment Horizons. Recognition of the role of 
cytokines and metalloproteinases in the degradation of 
articular cartilage is leading to investigation of newer 
types of drugs.' 2 Inhibitors of metalloproteinases are 
being evaluated in our laboratory as well as elsewhere. In 
addition, our sequencing of the equine gene IL-1 receptor 
antagonist offers the potential to cither manufacture the 
rotein for use as a therapeutic agent to specifically in- 
ibit IL-t or, alternatively, investigate the use of gene 
therapy. In the latter technique, the gene is transfected 
into synoviocytes by use of a viral vector. The challenge 
at the present time is to get good expression of protein 
from the synoviocyte transfected with the 1L-1RA gene. 
We are currently undertaking work in this direction. 

Synovectomy. The potential benefits of lowering the 
level of mediators that are potentially deleterious to the 
articular cartilage are described under “Specific Diseases 
of Joints: Traumatic Arthritis.” In chronic OA, synov¬ 
ectomy to remove fibrotic nonproductive synovial mem¬ 
brane may also be of benefit in certain instances. 

CouNTKKiKKrr aTion. The use of counterirritation in the 
form of rubefacients (braces and paints), vesicants (blis¬ 
ters), and thermocautery (firing) has been historically 
popular in the treatment of joint and tendon conditions. 
The rationale behind these methods is the creation of 
hyperemia within the diseased tissue, but experimental 
work questions this principle. 51 Most people now agree 
that the primary usefulness of the more severe forms of 
counterirritation is the enforced rest they cause. The var¬ 
ious counterirritanrs can be classified as follows: 4 

Surgical Curettage of Cartilage and Bone. It has 
been suggested that superficial defects in equine articular 
cartilage do not heal and that full-thickncss defects heal 
through metaplasia of granulation tissue that arises at 
the articular margin or in the subchondral marrow 
spaces below. 1 1 A number of surgeons routinely curette 
partial-thickness defects to get “healing.” However, the 
importance of small partial-thickness defects has been 
Questioned, and the new replacement tissue after full- 
thickness curettage is of uncertain quality and commonly 
defective.' * 2<,>l Although it has generally been accepted 
that there is a process of metaplasia from granulation 
tissue to fibrocartilage to hyaline cartilage, more recent 
work demonstrates the presence of hyaline cartilage at 
a relatively early stage and deterioration of the new carti¬ 
lage into fibrotic material later. For these reasons, articu¬ 
lar curettage should only be performed in selected cases. 
It has also been suggested that 12 months of rest is no 
advantage over 4 months of rest following osteochondral 
curettage. 

In addition to curettage of pannus-type tissue, it 
would seem that penetration or removal of sclerotic sub¬ 
chondral bone may be necessary to achieve formation of 


new tissue in the defect. 22 With ostcoarthritic cartilage 
defects the subchondral plate is often sclerotic and is¬ 
chemic. It has been felt, therefore, that complete removal 
of the subchondral plate (spongialization) or its penetra¬ 
tion with holes (forage) provides an increased opportu¬ 
nity for tissue to fill the cartilage defect. 22 However, 
experience has shown that these techniques can compro¬ 
mise the subchondral bone and that the use of subchon¬ 
dral micropicking has rationale, 24 * Arthroscopic de¬ 
bridement ls practiced by some orthopedists in human 
OA. Its benefits are controversial, but the associated la¬ 
vage is considered by most to provide pain relief at least. 

Debridement of articular cartilage defects has been 
reviewed extensively in recent publications. 42 

Removal of Osteophytes. Although some authors gen¬ 
erally recommend removing osteophytes, remember that 
these hypertrophic changes are a reactive response that 
may not be related to any clinical problem and may not 
represent severe DJD. ' In my opinion, osteophytes 
should be removed if they arc large and positioned so 
that they will potentially fracture or interfere with func¬ 
tion (prophylactic removal). Removal of nonarticular 
exostoses typical of periosteal proliferation is not indi¬ 
cated. 

Promotion of Cartilage Healing. Various techniques 
have been used to augment articular cartilage healing 
including subchondral drilling, subchondral microfrac¬ 
turing, periosteal grafting, sternal cartilage grafting, and 
grafting of cultured chondrocytes. The use of these tech¬ 
niques in the horse has been reviewed recently else¬ 
where. 4 5 Augmentation with growth factors as a poten¬ 
tial means of healing articular cartilage is also being 
evaluated as a treatment for both localized lesions and 
more generalized OA. 42 * 60,72 A number of basic ques¬ 
tions need to be answered before such methods become 
practical, including when certain growth factors are 
needed, for how long, and in what concentrations. Al¬ 
though it is yet to be demonstrated that there is any 
benefit to the articular cartilage defects per sc, it is ac¬ 
cepted that the associated lavage and recognition of 
mentseal tears and synovial hyperplasia and their treat¬ 
ment will be beneficial. 34 * 50 * 

Surgical Arthrodesis. For many cases of end-stage OA, 
the only methods available for pain relief are total joint 
replacement or arthrodesis. Joint replacement has been 
described in horses* but is not practiced. In low-motion 
joints, surgical arthrodesis is a useful treatment for OA. 
Results are particularly satisfying in the pastern 4 *' 7 ' and 
distal tarsal joints. Primary arthrodesis of the intcrtarsal 
and tarsometatarsal joints can be rewarding in cases of 
luxation if curettage of the articular cartilage, internal 
fixation, and external support are all combined in the 
treatment method. Arthrodesis of the scapulohumeral 
joint (for an arthritic problem) has been reported in a 
miniature horse. 2 Fetlock arthrodesis is also used to treat 
non responsive OA of the fetlock joint (Fig. 7.55), 
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SPECIFIC DISEASES OF JOINTS: 
DEVELOPMENTAL ORTHOPEDIC DISEASE 
AND ITS MANIFESTATION IN JOINT 
DISEASE 

Developmental Orthopedic Disease 

The term “developmental orthopedic disease” (DOD) 
was coined in 1986 to encompass all orthopedic prob 
lems seen in the growing foal. 1 ’ 1 It is a term that encom¬ 
passes all general growth disturbances of horses and is 
therefore nonspecific. It has yet to be determined how 
closely related the various forms of DOD may be, and 
the term should not he used as a synonym for “osteo¬ 
chondrosis.” It is felt inappropriate that subchondral 
cystic lesions, physitis, angular limb deformities, and cer¬ 
vical vertebral malformations all be presumed to be man¬ 
ifestations of osteochondrosis. In addition to problems 
associated with the articular-epiphyseal cartilage com¬ 
plex and metaphyseal growth plate or physis, flexural 
deformities arc a significant problem of growing foals 
and need to be included within the spectrum of DOD. 
The spectrum of conditions currently classified as DOD 
was earlier designated “metabolic bone disease.” 11 * 1 ’ 
However, this term is considered misleading because it 
refers specifically to bone, whereas many of these prob¬ 
lems are seen essentially as joint and growth plate condi¬ 
tions. Severe forms of DOD are seen in which histomor- 
phometry reveals little or no observations in bone 
metabolism. 102 Use of the term “metabolic bone disease” 
has been defended, H but “developmental orthopedic 
disease” has become the generally accepted term. 

When the term “developmental orthopedic disease” 
was first coined, it was categorized as including the fol¬ 
lowing:* 1 

♦ Osteochondrosis—Osteochondrosis is a defect in en¬ 
dochondral ossification that can result in a number of 
different manifestations, depending on the site of the 
endochondral ossification defect. These manifestations 
include OCD of cartilaginous origin (to distinguish it 
from human OCD, which originates in the bone). They 
also include some subchondral cystic lesions—not all 
subchondral cystic lesions or osseous cystiike lesions 
arc necessarily manifestations of osteochondro- 
38.58,63.91 There is evidence that traumatic factors 
or primary defects on the articular cartilage may be an 
originating cause in some cases. Another manifestation 
is some physitis. Defects in endochondral ossification 
in the metaphyseal side of the physis are associated 
with some clinical problems in this area. However, 
these are not the only form of problems in the physis. 
Some cervical vertebral malformations are also in¬ 
cluded. The exact role of osteochondrosis in the patho¬ 
genesis of cervical vertebral malformations is still un¬ 
certain. 5 ' Finally, some angular limb deformities are 
associated with retained cartilage associated with rhe 
physis. There is considerable controversy over what 
syndromes fall within the osteochondroses. H This is 
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discussed further under osteochondrosis. Based on 
pathologic studies, for instance, Bool feels that there 
is no evidence that osteochondrosis plays a role in the 
pathogenesis of cervical vertebral stenosis. 

• Acquired angular limb deformities 

• Physitis 

• Subchondral cystic lesions* 2 '* 4,1 lf> 

• Flexural deformities—these may lx* secondary to os¬ 
teochondrosis or physitis 

• Cuboidal bone malformation 

It would be appropriate to add a seventh entity to the 
spectrum of DOD—juvenile arthritis’'* or juvenile DJD 
and bony fragments of the palmar/plantar surface of the 
first phalanx of Standardised horses.‘’ ,6 ' 2, * ?0 • 7l ‘ w * ,, * 
Currently these are considered to be traumatic lesions. 

The above entities are considered DODs. 4 Individual 
instances may or may not lx* associated with osteochon¬ 
drosis. The panel also distinguished palmar metacarpal 
disease (previously called OCD of the distal metacar¬ 
pus 40 * 1 as a traumatic entity and stated that it did not 
fit within DOD.* 1 * However, some authors describe the 
condition as traumatic osteochondrosis of the palmar/ 
plantar surface of the condyle of the cannon bone, which 
continues to confuse the issue somewhat. Pool has em¬ 
phasized that the following DODs are not manifestations 
of osteochondrosis: I) palmar metacarpal disease, 2) first 


phalanx fragments, 3) juvenile arthrosis of the pastern, 
and 4) cervical vertebral malformations. 86 He also sug¬ 
gests a need to differentiate between primary (idiopathic) 
developmental lesions and secondary (acquired) lesions 
of equine osteochondrosis (discussed in more detail 
below). Because this chapter is focused on joint disease, 
we restrict our discussion to the entities that involve 
joints. 

Osteochondrosis 

Osteochondrosis (dyschondropt.isia) was initially de¬ 
fined as a disturbance of cellular differentiation in the 
growing cartilage. N Osteochondrosis is considered tore- 
suit from a failure of endochondral ossification and thus 
may affect either the articular-epiphyseal cartilage com¬ 
plex or the metaphyseal growth plate. The loss of normal 
differentiation into cartilage cells was considered to 
mean that the transitional calcification of the matrix 
does not take place, and vessels from the marrow cavity 
and blood vessels do not penetrate the cartilage. 111 As 
a consequence, endochondral ossification ceases, and 
cartilage is retained. This failure of endochondral ossifi¬ 
cation leads to necrosis in the basal layers of the thick¬ 
ened retained cartilage. It was initially proposed that 
subsequent physical stresses give rise to fissures in this 
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damaged cartilage and that progressive breakdown of 
the cartilage can then lead to the syndromes designated 
as OCD or periarticular subchondral bone cysts (Fig. 
7.56). 

The initial proposals that these entities are part of the 
generalized condition of osteochondrosis resulted from 



Figure 7.56 (continued) C-E Lateral to medial radiographs 
showing OCD lesions of the lateral trochlear ridge of the femur 
with increasing seventy flattening with some lucency appearing in 
the lateral trochlear ridge (C). a grade t defect (D), and a grade 2 
defect iE) 


studies in other species and extrapolation to the condi- 
turn in the horse. * *' 1 ' As a result of these various 

studies. Olsson suggested that dyschondroplasia was a 
better alternative to osteochondrosis because the initial 
lesion occurred in growing cartilage. However, based 
on different instances of clinical disease, I feel that the 
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assertion that all osteochondrosis entities in the horse 
are in fact associated with a primary dyschondroplasia 
should he questioned. While typical lesions of thickening 
in the articular cartilage, as well as thickening and sepa¬ 
ration, have been seen in clinical cases as well as experi¬ 
mentally produced disease. ,9,,01,,0,,, ° 4 cases have been 
seen at surgery where dissection between cartilage and 
bone had occurred without a defecr in the normal 
subchondral bone contour and without thickening of 
cartilage. Cases have also been encountered in which 
radiographic lucency developed in the bone after endo¬ 
chondral ossification had apparently ceased.'*' It would 
seem that “osteochondrosis" is as specific a term as we 
want to use at the moment, as it covers all conditions 
involving the articular-epiphyseal carrilage complex and 
epiphyseal bone, as well as metaphyseal growth plate 
and metaphyseal bone. Until we define the pathogenesis 
better and indeed prove that currently described 
“models” of osteochondrosis are representative of, or 
identical to, the clinical syndrome, the use of any more 
specific terms is inappropriate. 

Stromberg described the second stage of osteochon¬ 
drosis as involving necrosis of the basal layers of the 
thickened retained cartilage with subsequent pressure 
and strain within the joint giving rise to fissures in this 
damaged cartilage. The fissures may extend from the 
deep necrotic layer to the surface of the cartilage, and 
such dissecting lesions cause clinical signs of synovitis 
and pain and should he called “osteochondritis dissec¬ 
ans." The terms “osteochondrosis,” “osteochondritis 
dissecans,” and “osteochondrosis dissecans” have been 
used regularly as synonyms, and their meaning is still 
somewhar controversial. Previously, ‘‘osteochondrosis” 
referred to the disease, “osteochondritis" was defined as 
the inflammatory response to the disease, and “osteo¬ 
chondritis dissecans,” the condition when a flap can be 
demonstrated, 90 and this is a simple, but fairly appropri¬ 
ate, representation. 

Pool proposed that it might be useful to distinguish 
foals with idiopathic {constitutional defects in the carti¬ 
lage model) and acquired (defect in fiidochondr.il ossifi¬ 
cation with a known cause) osteochondrosis. Examples 
of the latter would be a traumatic osteochondrosis or 
zinc-induced osteochondrosis. s Hurtig and Pool im¬ 
plied that a useful classification scheme of equine osteo¬ 
chondrosis was still needed. 4 ' They pointed that the 
human classification scheme had introduced a confusing 
array of distantly related conditions. They felt that le¬ 
sions without clear evidence of defective bone formation 
should not be included in osteochondrosis. These include 
cervical vertebral malformation, proximal palmar/plan¬ 
tar osteochondral fragments, physe.il dysplasia, sub¬ 
chondral bone cysts, flexural limb deformities, and angu¬ 
lar limb deformities. They should, however, remain 
under the larger syndrome of DOD. Pool and Hurtig 
proposed that lesions disrupting the articular surface 
through defective hone and cartilage formation could he 
categorized as follows: 

1. The typical pattern of osteochondrosis is manifested 
by one or two lesions in a characteristic location and 
may be bilaterally symmetric (although one joint 
may be clinically silenr). This would be consistent 
with an event or trauma during a specific period of 


rime during the “window' of susceptibility.” 4 ' Typi¬ 
cal sites include OCD of the lateral trochlear ridge 
of the femur, cystic lesions of the medial femoral 
condyle, and OCD of the medial trochlear ridge of 
the femur, distal intermediate ridge, lateral trochlear 
ridge, medial malleolus, OCD of the tarsocrural 
joint, and OCD of the distal dorsal metacarpus, 

2, Atypical pattern refers to horses with multiple artic¬ 
ular, and sometimes physeal, lesions in characteristic 
sites and other random locations in the skeleton. 
Such horses have widespread articular disruption 
reminiscent of experimental models and have usu¬ 
ally suffered nutritional or toxic insults. 

3. A mixed pattern includes more joint lesions in differ¬ 
ent locations than the typical pattern. 66 

Personally, the author continues to classify lesions ac¬ 
cording to their specific morphology and clinical signifi¬ 
cance. 

Pathogenesis of Osteochondrosis 

It is probably useful to consider ostetichondrosis in¬ 
volving a susceptibility of the joint surface to injury dur¬ 
ing development. 5,45 It has been conventional to use the 
term "osteochondrosis” to describe the process of abnor¬ 
mal bone and cartilage formation and to use the term 
“osteochondritis dissecans” to describe rhe subsequent 
lesions that penetrate the joint surface creating inflam¬ 
mation and effusion. 4 >>4 Although dyschondroplasia 
may be a more descriptive term because it emphasizes a 
primary defect in cartilage formation rather than bone, 
it can be confused with other generalized metabolic con¬ 
ditions, and it has yet to be proven that the clinical enti¬ 
ties we see start in cartilage per se. On the other hand, 
certain etiologic factors have been recognized that con¬ 
tribute to the development of the clinical manifestations 
of OCD (and subchondral cystic lesions) that we see. 
Equine OCD is a localized defect in a bone and cartilage 
at the joint surface that develops during a short period 
in the horse's life. 4 ' These factors have been varied, but 
that there is a multifactorial etiology has generally been 
accepted. 

Historically, OCD was initially considered to be due 
to a vascular or ischemic necrosis of the subchondral 
hone. 1,108 I he problem has also been described as an 
osteochondral fracture. 2 Rooney recognized the prob¬ 
lem as a defect in endochondral ossification of epiphyseal 
cartilage. 98 He considered that ischemic necrosis at or 
near the chondro-osseous junction stopped invasion of 
the growing cartilage by capillaries and thus stopped the 
process of endochondral ossification. Some histologic 
studies of various lesions in the horse have revealed little 
evidence of primary bone or cartilage necrosis, and sub¬ 
chondral avascularity was not seen. 67,97 On the other 
hand, recent work in the pig suggests that the viability 
of epiphyseal carrilage and the articular-epiphvseal car¬ 
tilage complex depends highly on inadequate blood sup¬ 
ply from carrilage canal vessels and strongly implicates 
a defect in blood supply in the pathogenesis ot osteo¬ 
chondrosis.* Based on pathologic observations of early 
lesions of osteochondrosis in young horses, it has been 
proposed that subchondral blood vessels in the epiphy¬ 
seal physis give rise to arcades of thin capillary-size ves- 
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sets that extend radially from the subchondral bone into 
the cartilage and that these vessels are disrupted and 
chondrocytes in the epiphyseal physis that they supply 
undergo necrosis. With cessation of endochondral ossifi¬ 
cation in this area, the bony base of the trochlear ridges 
fails to grow outwardly to replace the cartilage and form 
a normal ridge. When the lesion develops in a very young 
horse, a much larger defect often occurs because a large 
amount of the bony base of the ridge was never formed. 
On the other hand, when the onset of the lesions occurs 
prior to skeletal maturity, the lesion on the trochlear 
ridge may go unnoticed because ridge development is 
nearly complete.*’’ Pool feels that shear forces are likely 
to be the cause of the disruption of these radially oriented 
capillaries. 

In many clinical instances in the horse, changes consis¬ 
tent with various stages of the proposed pathogenic path¬ 
way have been identified. On the other hand, exceptions 
are noted to the central concept of either thickening of 
articular cartilage or a defect in the subchondral bone. 64 

The concept of dyschondroplasia has its proponents, 
and one laboratory in particular is focusing on assessing 
various abnormalities in the growth cartilage of normal 
foals as well as those with osteochondrosis. ^ Differences 
in the normal growth cartilage of foals and those with 
lesions of osreochondrosis (dyschondroplasia) have in¬ 
cluded collagen localization, degradative enzymes, and 
growth factor expression. These authors have also classi¬ 
fied dyschondroplastic lesions into two groups on the 
basis of histologic findings. Dyschondroplasia is a widely 
recognized disorder of young, rapidly growing poul¬ 
try. 1 Avian tibia) dyschondroplasia is characterized by 
an avascular mass of cartilage containing partly hyper¬ 
trophied (transitional) chondrocytes. In situ biochemis¬ 
try and immunocytochemistry of chondrocytes indicate 
that the accumulation of cartilage is not caused by in¬ 
creased chondrocyte proliferation or decreased 
osteoclast/chondroblast activity. Neither is anaerobic 
glycolysis increased in the transitional chondrocytes, 
showing that oxygen supply to these cells is not limiting. 
Initial studies have confirmed that the disease results 
from a failure of chondrocytes to differentiate fully, 
which is supported by an investigation in which genetic 
selection for tibial dyschondroplasia resulted in accumu¬ 
lations of transitional chondrocytes. Transitional chon¬ 
drocytes contain high concentrations of TGF-0 and the 
product of the proto-oncogene c -myc t but in tibial 
dyschondroplasia these cells are deficient in TGF-j8 and 
c -myc. Concentrations of ALP and type X collagen mes¬ 
senger RNA are increased, but a lower concentration of 
type X collagen within the matrix indicates a defect in 
its secretion or incorporation. 115 

Endochondral ossification involves chondrocyte pro¬ 
liferation, maturation, and replacement of mineralized 
cartilage with bone and is controlled by a complex inter¬ 
action of systemic factors including growth hormone, 
IGF-1, and thyroid hormones, as well as a number of 
local growth factors such as TGF-/?, IGF-l and -2, and 
basic fibroblast growth factor (FGF). 3J TGF-/? has also 
been shown to have an important role in growth carti¬ 
lage metabolism, particularly in the control of chondro¬ 
cyte differentiation and hypertrophy, and the TGF-/?1 
iso form has been particularly implicated in the process 
in mammals. A study assessed the distribution pattern of 


TGF-/31 messenger RNA and protein in normal prenatal 
and postnatal growth cartilage as well as cartilage from 
lesions of dyschondroplasia in the horse. TGF-01, 
mRNA expression, and immunoreactivity were detected 
in the proliferative and upper hypertrophic zones in both 
prenatal and postnatal normal articular/epiphyseal carti¬ 
lage. However, mRNA for TGF-/81 was only detected in 
the mid and lower hypertrophic zones. In focal lesions 
of dyschondroplasia, mRN \ expression and immuno¬ 
reactivity were lower than in normal cartilage, but strong 
mRNA expression was observed in the chondrocyte clus¬ 
ters immediately surrounding a lesion of dvsehon- 
droplasia. The authors felt that TGF-01 could be in¬ 
volved in the pathogenesis of dyschondroplasia. ' The 
same laboratory has also assessed the presence and activ¬ 
ity of cathepsin B and cathepsin D, collagcnasc, TIMP, 
and types II and VI collagen m specimens of cartilage or 
the media of cxplant or chondrocyte cultures. 3 

In identify ing etiologtc factors associated with osteo¬ 
chondrosis, there are clinical and pathologic reports 15,2 ' 
62,64,6% an< j experimental studies in the horse. 

41-44.54-56.62.79-*!,102-106 Qne prob | e ,n with , he Utter IS 

determining how much the experimentally produced le¬ 
sions have in common with the lesions we see clinically. 
Major factors that seem to predispose the growing ani¬ 
mal to osteochondrosis include rapid growth, genetic 
predisposition, nutritional excesses or imbalances, and 
superimposed trauma to the cartilage. In pigs it has been 
demonstrated that high growth rate is the main reason 
for the high incidence of osteochondrosis, and the high 
growth rate is the result of both genetic selection and 
caloric intake. 95 96 


Genetic Predisposition 

A radiographic survey by Hoppe and Phillipson 4 in 
Standardised trotters and Swedish Warmbloods showed 
that one stallion of each breed had a significantly higher 
frequency of OCD among his progem than the other 
stallions (P < .001). The various OCD frequencies in 
the progeny groups of the “normal” young horses also 
indicated an inherited predisposition for OCD, but there 
were not enough data for detailed analysis. 1 ’ 1 In another 
study, Shougaard et al, showed radiographic evidence of 
a significantly higher proportion of osteochondrosis in 
the progeny of one of eight stallions, even though the 
stallion itself did not show radiographic signs of osteo¬ 
chondrosis. 111 ' Since that rime, there have been two more 
studies on the heritabilitv of osteochondrosis in the tibio- 
tarsal joint in Standardbred trotters. 2 ’ ,30,t4 * l> Both of 
these studies also examined the hentahility of bony frag¬ 
ments from the palmar/plantar aspect of the first pha¬ 
lanx. 

The study of Grondahl and Dolvik 2 ’ involved radiog¬ 
raphy of the tarsocrurai and metacarpophalangeal and 
metatarsophalangeal joints in 75.1 Standardbred trotters 
(6 to 21 months old) that were born in I998. 2 ’ The sur¬ 
vey population was drawn at random from all parts of 
Norway and represented approximately 60% of Stan¬ 
dardbred trotters bom that year. Osteochondrosis in the 
tarsocrurai joint was diagnosed in 108 (14.3%) horses, 
and the prevalence of disease in progeny groups of more 
than 10 horses ranged from 0 to 69%. Bony fragments in 
the palmar/plantar portion of the metacarpophalangeal 
and metatarsophalangeal joints were diagnosed in 89 
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(] 1.8%) horses and the prevalence of disease in progeny 
groups of more than 10 ranged from 0 to 41 %. Herita- 
hility analysis was restricted to 644 horses comprising 
groups of five or more progeny from 39 stallions. The 
heritahility of osteochondrosis in the tibiotarsal joint and 
bony fragments in the palmar/plantar portion of the met¬ 
acarpophalangeal and metatarsophalangeal joints was 
estimated to be 0.52 and 0.21, respectively, using a non* 
linear model. The authors recognized that they were una¬ 
ble to interpret various environmental effects and control 
for them. The authors noted that in their study, the hcrit- 
ability of OCD in the tibiotarsal joint (0.52) was higher 
than that reported by Shougaard et al. |,w (0.26 ± 0.14). 
Shougarrd et al. investigated rhe degree of heritahility 
by means of the chi square value for binomial data on the 
basis of nine progeny groups and a morbidity of 12%. In 
the Norwegian study, the high heritahility was to some 
degree caused by the high morbidity in one progeny 
group (69%) and could therefore represent an overesti¬ 
mate. A lack of correlation between the herirability of 
tibiotarsal lesions and fetlock lesions was considered to 
indicate that few common genes code for these two le¬ 
sions. 

The study by Phslipsson et al/ 4 used 793 progeny 
of 24 Swedish Standardhrcd trotter stallions, based on 
radiographs of the tarsocrural joint for OCD and the 
fetlock joints for palmar/plantar osteochondral frag¬ 
ments. These horses were a random sample of about $5 
progeny of each of 24 stallions. Twenty of these stallions 
were randomly drawn from the Swedish trotter popula¬ 
tion, most of which had an American origin, whereas 
four stallions were chosen because of their own defects. 
Because all stallions had been radiographed when they 
were selected for breeding, it was also possible to apply 
a third method of detecting any hereditary role in osteo¬ 
chondrosis. This was done by comparing the incidence 
of OCD in the progeny of affected and nonaffccted stal¬ 
lions. The occurrence of OCD was nearly three times as 
high among rhe progeny of stallions affected with OCD 
in the hock as among those of the nonaffected stallions. 
The difference was much smaller with the occurrence 
of plantar osteochondral fragments in the fetlock. The 
results in all progeny groups showed differences in the 
incidence in hock OCD in different progeny stallions 
from 0 to more than 40%, which strongly indicates that 
hereditary factors contribute to the development of OCD 
in the tarsocrural joint. The heritahility estimates were 
0.27 for tarsocrural OCD and 0.17 for proximal palmar/ 
plantar lesions. These authors felt that the high estimate 
of heritahility by Grondahl and Dolvik 5 1 was probably 
due to the very high incidence in one particular progeny 
group (9 of 1 i). The authors commented that although 
heritahility coefficients indicate that selection against 
both OCD in the hock and palmar/plantar fragments in 
the fetlock could be effective for horses, the selection 
would need to he based on progeny testing because stal¬ 
lions that are free of the diseases can produce progeny 
with a relatively high incidence of lesions. Another issue 
of importance is evaluation of the consequences of these 
disease processes on future longevity and performance. 
Even though the defects have proven to be partly under 
genetic control, breeding policies must also consider the 
importance of rhe defects on future soundness and the 
ability to perform. 


In a recent review on genetic implications, Philippson 
said that the srudies indicate that inheritance is not a 
function of a single pair of genes but rather is polyge- 
netic. When evaluating the relative contribution of ge¬ 
neric and environmental factors, the most common ap¬ 
proach when polygenetic effects are assumed is to 
estimate the heritahility of a trait. Heritahility estimates 
the proportion of the total variation in the abnormal 
trait that can be associated with the addttively inherited 
genes (i.e., such genetic effects that are transmitted from 
one generation to the next)/ 5 Philippson felt that a pre¬ 
requisite for any selection scheme is that the heritable 
trait in question is of importance, economically or ethi¬ 
cally, for the purpose of use of the animals. He used 
the example of Standardhrcd trotters used for breeding. 
Stallions are usually selected from animals superior in 
racing ability. If these horses are raced without having 
been treated surgically, such a selection scheme favors 
horses free from significant defects. On the other hand, 
he felt that riding horse populations were different, be¬ 
cause stallions might be selected without a competition 
career and after a short performance test (not always the 
case). Under these conditions, it may well be justified to 
exclude from breeding those stallions that arc found to 
have osteochondrosis, but it still requires knowledge that 
the type of osteochondrosis selected against has a nega¬ 
tive effect on the use of the horse. The author felt that 
the level of heritahility in osteochondrosis of 0.25 to 0.35 
is of the same magnitude as important traits in cattle, 
such as milk yield and growth rate. Remember, however, 
that all of these studies have looked at OCD in the hock 
only (excluding palniar/plantar fragments as an entity of 
OCD). 

Wagner performed a study in which 12 wobbler 
mares were bred to two affected stallions. 1 Although 
rhe resulting offspring did not show signs of ataxia, seven 
developed contracted tendons, four had lesions of '‘os¬ 
teochondrosis" in the cervical spine, and five had physeal 
abnormalities. However, there was no control group and 
the “normal" incidence of DOD problems varies from 
place to place. 11 Hereditary aspects have been suggested 
with human OC1). 112 

Growth and Body Size 

A high growth rate was first recognized to be associ¬ 
ated with a high incidence of osteochondrosis in dogs 
and pigs. 32 *'*' Stromberg reported a predominance of os¬ 
teochondrosis in large-framed and rapidly growing 
horses, and many others have noted this anecdotally. 11 
However, only recently have there been any studies with 
data. Green reviewed reports with many different breeds, 
geographic locations, and diets and noted an essentially 
simitar partem of growrh in all animals.' * Jeffcott noted 
that the most intense phase of growth occurs in the first 
3 months of life and said that this was when lesions of 
osteochondrosis are most likely to occur. 4 That is not 
when wc recognize the highest incidence of lesions clini¬ 
cally, but we caunor dispute that the statement is incor¬ 
rect with regard to actual development of a lesion. It has 
also been reported that the growth rate appears higher 
in rhe hindlimb than in the forelimb in foals," and osteo¬ 
chondrosis is indeed recognized very frequently in hind- 
limb sites. A study by Staun et al. 1 was cited by Jeff- 


Copyrighted mate 



Chapter 7 Diseases of Joints, Tendons. Ligaments, and Related Structures 549 


cott 4 in which no evidence of signs of osteochondrosis 
were found in a study of compensatory growth. Stallion 
size is not related to the incidence of osteochondrosis in 
the offspring," which is not surprising since the dam has 
a greater influence on progeny size. Growth rate is also, 
obviously, associated with a number of factors." 

In more recent work, the incidence of OCD lesions 
occurring in either the fetlock, hock, shoulder, or stifle 
on a commercial Thoroughbred farm were studied over 
a 4-year period. DOD was defined as ostcochondrotic 
lesions occurring in either the fetlock, hock, shoulder, or 
stifle. Lesions were initially diagnosed radiographically 
after a foal displayed either lameness or joint effusion, 
meaning that it was a true clinical incidence study rather 
than a radiographic study. Other manifestations of OCD 
such as physicis, flexural deformities, and angular limb 
deformities were not included in the study since they are 
more difficult to quantify. No foals were diagnosed as 
wobblers during this 4-year period. OCD was diagnosed 
in 10% of the 271 foals monitored. Fetlock OCDs 
tended to occur before 180 days of age, while hock, 
shoulder, and stifle OCDs occurred around .100 to 150 
days of age. Foals that developed hock and stifle OCDs 
as yearlings tended to be large foals at birth that grew 
rapidly from 3 to 8 months. Foals that developed hock 
OCDs averaged 5 kg heavier than the Kentucky average 
at 25 days of age. By 240 days, these foals were 14 kg 
heavier than the population average. Foals that devel¬ 
oped stifle or shoulder lesions averaged 5.5 kg heavier 
than the Kentucky average at 25 days of age and 17 kg 
heavier at 120 days of age. By 100 days of age, these foals 
were 1 2 kg heavier than the Kentucky average. Foals that 
developed fetlock OCDs before 6 months of age were 
born early in the year (January, February, or March). 
Their weight tended to be average. When foals were di¬ 
agnosed with fetlock lesions at a later date, they tended 
to be of normal size during the first 110 days but grew 
heavier than the Kentucky average after weaning. The 
authors felt that the types of lesions seen could have been 
the result of excessive biomechanical forces exerted on 
otherwise normal cartilage. Early fetlock OCDs could 
have resulted from inadequate subchondral bone forma¬ 
tion due to restricted activity in foals born early in the 
year and housed indoors at night. Hock and stifle lesions 
may have occurred in heavy foals that grew rapidly after 
weaning. 

In a radiographic survey in Sweden, 77 Standardhred 
foals (35 colts, 42 fillies) were examined six times, from 
birth to the age of 16 months. In addition to the radio- 
graphic examination of the tarsocrural and fetlock joint 
areas, the horses were measured for height at the withers 
and at the croup, circumference of the girth and carpus, 
and length of cannon, and their conformation was as¬ 
sessed according to a standardized protocol. Examina¬ 
tions included clinical examination and palpation of the 
extremities, with all examinations being done by the 
same person. The foals were weighed each month. The 
metric observations were precorrected according to a 
model including the effects of sex, year of birth, and 
the regression on individual recording age. Eight foals 
(4 colts, 4 fillies) that developed radiographic signs of 
tibiotarsal OCD had a higher body weight at birth (54 
vs. 51 kg) and continued to be heavier and have a signifi¬ 
cantly higher average daily weight gain than did unaf¬ 


fected foals (at 12 months, weight, 117,8 vs. 116.8 kg; 
growth rate, 0.8 vs. 0.74 kg/day). They also had a larger 
Frame than did horses without tarsocrural OCD, includ¬ 
ing a greater height at the withers and at the croup and 
a markedly larger circumference of the carpus and the 
cannon. Enlargement of the distal physeal region of the 
metacarpus was more common and more pronounced 
between 1 and 8 months of age in horses with tarsocrural 
joint OCD. However, 11 foals with palmar/plantar frag¬ 
ments or ununited palmar/plantar eminences were 
slightly lighter, and the average daily weight gain as well 
as different body measurements was similar in affected 
and unaffected horses. There was no relationship be¬ 
tween the radiologic findings of these nalmar/plantar 
fragments and the degree of synovial effusion or other 
clinical signs in the area. The authors felt chat the early 
radiologic signs of OCD and the observed difference in 
body size at birth indicated that the pregnancy period 
and the first month in the foal’s life were of major impor¬ 
tance for the development of OCD. They also felt that 
the differences in body weight, body measurements, and 
clinical signs among horses affected by tarsocrural OCD 
and fetlock palmar/plantar fragments indicate that the 
pathogenesis of these lesions differ. 100 

Mechanical Stress and Trauma 

It has long been recognized clinically that mechanical 
stresses precipitate the onset of clinical signs, presumably 
by avulsing an OCD flap or fragment. 62 The role of 
trauma as a primary initiator of a lesion is more contro¬ 
versial. Pool has pointed out that there are no unique 
histologic features that consistently distinguish the lesion 
of osteochondrosis from that of trauma to a developing 
osteochondral junction and that the radial vessels sup¬ 
plying the chondrocytes in the epiphyseal physis may oe 
sheared and cause a primary osteochondrosis lesion.** 
He feels that biomechanical forces arc an important fac¬ 
tor that is superimposed upon an idiopathic lesion to 
produce defective cartilage. Reflection back to the classic 
paper by Konig in 1887 is appropriate in considering the 
potential role of trauma in the pathogenesis. He claimed 
that loose bodies in the knee joints of young people had 
three causes: 1) very severe trauma, 2) lesser trauma 
causing contusion and necrosis, and 1) minimal trauma 
acting on an underlying lesion—for w r hich he suggested 
the name “osteochondritis dissecans" (of which he is 
considered the originator).’ More recently. Pool and 
Hurttg have proposed that studies in horses and other 
animals make it likely that the typical locations of OCD 
are sites of high mechanical load and areas where devel¬ 
oping cartilage is thick and has a tenuous blood sup¬ 
ply 6 TLi.78,?sj They feel that traumatic and vascular insult 
should be considered. In the case of intermediate ridge 
OCD in the hock, they have felt that toed-out upright 
conformation could be a contributory factor, with the 
intermediate ridge being forced against the axial wall of 
the trochlear of the talus by rotation of the distal limb. s 
They also point out that the foals are also heavier at 
birth 111 Plantar fragments in hind fetlocks are considered 
to be traumatic in origin. 1 

Defects in Vascularization 

OCD was initially attributed to vascular or ischemic 
necrosis of the subchondral bone. 1 " 18 Some histologic 
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studies of various lesions in the horse have revealed little 
evidence of primary bone or cartilage necrosis, and sub¬ 
chondral avascularity was not recognized Z’ 7,9 Recent 
work in the pig suggests that the viability of epiphyseal 
cartilage and the articular-epiphyseal cartilage complex 
depends highly on an adequate blood supply from carti¬ 
lage canal vessels and strongly implicates a defect in 
blood supply in the pathogenesis of osteochondrosis. 9 
As discussed above, based on pathologic observations of 
early lesions of osteochondrosis in young horses. Pool 
feels that subchondral blood vessels in the epiphyseal 
physis give rise to arcades of thin capillarv-sized vessels 
that extend radially from the subchondral bone into the 
cartilage and that these vessels are disrupted by shear 
forces, and chondrocytes in the epiphyseal physis that 
they supply undergo necrosis. 88 When the lesion devel¬ 
ops in a very young horse, a much larger defect occurs 
because a large amount of the bony bases of the arricular 
surface were never formed. On the other hand, when the 
onset of the lesions occurs prior to skeletal maturity, the 
lesion on the trochlear ridge may go unnoticed because 
articular development is nearly complete. 88 Hurtig and 
Pool feel that the idea of direct mechanical shearing of 
cartilage canals is more likely to account for distribution 
of lesions in equine osteochondrosis than simple is¬ 
chemic necrosis of epiphyseal bone. 4 " They feel that the 
idea is consistent with some sites in the horse where bio¬ 
mechanical forces are high and the cartilage is normally 
quite thick, making it more prone to shearing forces. The 
lateral trochlear ridge of the femur is one such site, where 
running at speed can create direct compression of the 
lateral ridge*** and where the lateral ridge may resist the 
tendency for the patella to luxate laterally. 34 They also 
feel that stress concentration would increase as the limb 
is adducted in foals that have a toed-out conformation. 
Cartilage could be deformed in association with oc¬ 
cluded vascular canals, leading to chondronecrosis. 

Nutrition 

Ovcmutrition as a predisposing cause of osteochon¬ 
drosis has been extrapolated from work in dogs 12 and 
pigs. 94,96 Lesions considered consistent with osteo¬ 
chondroses have been induced in horses by feeding 
130% National Research Council (NRC) requirements 
for carbohydrate and protein, 22 Samples were taken 
from the distolateral radial growth plate cartilage serially 
harvested from weanling Thoroughbreds after 0, 3, 6, 
and 9 months on these diets. The higher plane of nutri¬ 
tion is associated with lower cartilage hexosamine and 
hydroxyproline contents and higher DNA content. Simi¬ 
lar observations were made in the articular cartilage col¬ 
lected from the radiohumeral joint at 9 months. *Tneau¬ 
thors also noted that the changes in body weight were 
15.5% greater in the horses fed the higher ration. There 
was no difference in the growth rates of the withers, 
heart girths, or cannon bones. The high plane of energy 
and protein did not significantly accelerate any measure 
of longitudinal growth. 

Another series of controlled experiments showed that 
high-energy diets of 129% NRC requirements consis¬ 
tently produced lesions of osteochondrosis in weanling 
foals, compared with a control diet based on 100% NRC 
requirements. 102-1 lM Thirty mixed-bred foals aged 2.5 


to 6.5 months with no clinical or radiographic signs of 
osteochondrosis were fed one of four diets for 16 to 18 
weeks. Twelve horses were fed a control diet with 100% 
NRC recommendations for digestible energy and crude 
protein, 6 were fed a diet with 126% of NRC levels for 
crude protein (CP), and 12 foals were fed a diet with 
129% of NRC levels of digestible energy (DE), The diets 
were composed of three different formulations of rice- 
based pellets with added maize oil for the high-DE diet 
and oat and chafe. Average daily gain in humeral length 
and wither height was slightly, but not significantly, dif¬ 
ferent in the foals on the high-DE diet from that of foals 
fed the control or high-CP diet. Clinical and radiographic 
signs of osteochondrosis were seen in 6 of 1^ foals fed 
the high-DE diet. None of the foals fed the High-CP or 
control diets showed any clinical or radiographic signs 
of osteochondrosis. The number and severity’ of lesions 
found postmortem was much greater in the high-DE 
group than in the control and high-CP grou 
lesions of osteochondrosis were detected in 1 
the high-DE diet, in I foal fed the high-C 
in 1 foal fed the control diet. Histologic 
confirmed in 18 foals: all 12 of the high-DE foals, 4 of 
the high-CP foals, and 2 of the 12 control foals. The 
number of histologic lesions was significantly greater in 
the high-DE foals than the control group (P < .0001). 
The incidence of lesions in the foals fed high CP did 
not differ significantly from that in the control foals 
(P = .11).*® 

Glade ct al. found that high-energy/protein diets fed 
young horses resulted in earlier glucose and i 
and proposed that the intense early insulin 
clearance stimulated conversion or thyroxin ( 
dothyronine (T*). 23 Higher T 3 concentrate 
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thyroid-stimulating hormone via negative feedback, so 
T 4 secretion decreases, and a periodic postprandial tran¬ 
sient hypothyrotoxemia may be induced. Because final 
stages of chondrocytic differentiation in collagen and 
proteoglycan synthesis appear to depend on thyroid hor¬ 
mones, there is the potential for a problem Here. It was 
reported in one study that foals aged 6 to 8 months re¬ 
ceiving diets containing 130% of the recommended di¬ 
etary intake of protein exhibited significant lower cal¬ 
cium and phosphorus levels due to a calciuric effect of 
the high-protein diet. 21 However, Schryvcr ct al. studied 
the effect of dietary protein concentration on foals be¬ 
tween 4 and 13 months of age and were unable to con¬ 
firm the findings of Glade ct al. and suggested that meta¬ 
bolic adaptation to the high-protein diet could occur. 110 
Another author pointed out other different factors be¬ 
tween the two experiments that made comparisons im¬ 
possible. 1 As noted above, in the study by Savage et 
al., l05 "i°" elevated crude protein levels in the ration did 
not influence the incidence of osteochondrosis. It was 
also noted that foals receiving diets with 5f% protein 
were subject to reduced growth in cannon bone diameter 
without effect on height growth. This was interpreted to 
demonstrate inhibition of bone remodeling by a low 
protein diet, which may contribute to the incidence of 
angular and other deformities. 49 

Mineral Imbalances 

Various mineral imbalances have been implicated in 
the pathogenesis, including high calcium, high phospho- 
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rus, low copper, and high zinc levels. While high calcium 
levels and hyperca lei tonin ism have been implicated in 
the pathogenesis of osteochondrosis, 11 work in the pig 
does not support any influence of high calcium lev- 
els, 7h, * s and experimental work in the horse with three 
times the NRC level of calcium in the diet failed to pro¬ 
duce lesions of osteochondrosis. 1114 The incidence of clin¬ 
ical physitis and flexural deformities was not related to 
marginally deficient phosphorus intake in a study of the 
effect of dietary energy and phosphorus content on blood 
chemistry and development of growing foals. 31 In this 
study, excessive dietary phosphorus also appeared to in¬ 
crease significantly the incidence of osteochondrosis in 
unexercised foals, while excessive levels of dietary cal¬ 
cium did not have this effect unless they were combined 
with excessive (129% NRC level for DE) digestible en¬ 
ergy. It was presumed that the latter result was caused 
by the effect of high DE rather than by calcium. In the 
high-phosphorus group, the foals showed no clinical 
signs of nutritional secondary hyperparathyroidism de¬ 
spite getting significantly more osteochondrosis lesions. 
It was suggested that dietary intake of excess phosphorus 
could depress calcium absorption or retention and in* 
duce a relative calcium deficiency, but no signs of this 
were evident after 17 weeks on the diet. The average 
daily gain was nonsignificantly depressed in foals fed 
excess phosphorus, which appeared to be due to a pay¬ 
ability problem causing decreased intake. 

Low copper levels have been implicated as a cause 
of osteochondrosis. In experimental studies, a marked 
copper deficiency (1.7 ppm) produced both flexural de¬ 
formities and osteochondrosis-like lesions. 6 The authors 
also noticed a softening of articular cartilage and sug¬ 
gested that low copper stasis may lead to reduced cross- 
linking of collagen by lysyl oxidase, predisposing to phy- 
seal and articular fractures. In another study of eight 
Thoroughbred foals in which osteochondrosis developed 
before weaning, seven had scrum copper and ceruloplas¬ 
min concentrations below normal. 7 Three of these foals 
on one farm had serum zinc contents high enough to 
suggest zinc toxicosis, but no evidence for environmental 
exposure to excess zinc was found. 

An epidemiologic study of developmental orthopedic 
disease in young horses by Knight et al.* 1 suggested a 
relationship between copper and zinc concentrations in 
the diet anu clinical signs of DOD. Joint lesions had been 
reported in growing foals fed low-copper diets (8 ppm) 
in 1949 by Rupps and Howell, but these observations 
were ignored in developing NRC levels for copper at that 
time. Dose response studies have been done in relation¬ 
ship to copper by Knight et al. 56 and Hurtig et al. 4 ' In 
the study by Knight et al., foals were killed at 90 days, 
after the marcs were subjected to rations containing 32 
or 13 ppm copper and foals received 55 or IS ppm of 
copper, respectively. In foals killed at 90 days, there were 
over twice (9 vs. 4) as many lesions of osteochondrosis 
and more than four times (9 vs. 2) as many articular 
lesions of osteophyte formation or thinning in copper- 
control foals than in copper-supplemented foals. How¬ 
ever, these differences were predominantly due to a 
higher number of lesions in one copper-control foal. The 
differences at 90 days were not significant, but there was 
a significant reduction in prevalence of lesions in copper- 
supplemented foals killed at 120 days of age. Typical 


lesions were subchondral thickening of the articular-epi¬ 
physeal complex, with separation from the subchondral 
bone. 

Hurtig et al. conducted a blind randomized study in 
Quarter Horse foals with high (25 ppm) and low (7 ppm) 
copper diets. 41 Foals in the low-copper group had declin¬ 
ing liver copper values and developed OCD lesions, phy¬ 
sitis, and limb deformities over a 6-month period. Ero¬ 
sion and separation of cartilage from the subchondral 
bone in the dorsal facets of the cervical spine were the 
most consistent postmortem lesions (it was not possible 
to diagnose these lesions clinically). Foals fed the high- 
coppcr diet had no significant musculoskeletal lesions. 
Scintigraphy failed to detect occult or known lesions in 
the limbs and cervical spines. X-rays were mediocre at 
detecting lesions. Microscopic examination of growth 
plates and metaphyseal bone from affected foals showed 
that fractures disrupted or displaced the normal growth 
plate architecture and interfered with orderly bone 
growth, similar to copper deficiency in cattle. Bone mor¬ 
phometry indicated less subchondral bone volume in the 
distal cannon bone, and there were fewer newly formed 
trabeculae in the primary spongiosa and metaphysis in 
the distal tibia in copper-deficient foals. Biochemical 
studies were limited to four control and six low-copper 
foals. Of the six low-copper foals, four were severely 
affected with multiple lesions. The biochemical assays 
showed significantly reduced collagen pyridinoline 
cross-linkages in articular cartilage, growth plate carti¬ 
lage, and bone in the OCD-affectcd foals. Articular carti¬ 
lage protcoglycanasc and gelatinasc had elevated levels 
in the low-copper group and were present in an active 
form. All metalloproteinase activities were low in growth 
plate cartilage (presumed to be due to the presence of 
TIMP). In further examination of the growth plate of 
these foals, it was felt that the concept of cartilage thick¬ 
ening was a myth, at least in the growth plate, and that 
the defect was in the transition between calcified carti¬ 
lage and primary spongiosa. 42 They interpreted the le¬ 
sion as one of reduced structural strength rather than 
arrested or abnormal endochondral ossification. Further 
studies have led to the proposal that cartilage defects and 
microfractures of metaphyseal and subchondral bone 
may be due to biomechanically inferior connective tis¬ 
sues rather than failure of chondrocyte differentiation 
and provisional calcification. This defect in connective 
tissues could be associated with defective collagen cross- 
linking and altered matrix remodeling (elevated levels 
of stromelysin and gelatinase were found in the OCD- 
affected foals in the low-copper group). 44 

In some recent work from New Zealand, the effect of 
copper status on evidence of bone and cartilage lesions 
was investigated in 21 Thoroughbred foals. It was found 
that marc copper supplementation significantly de¬ 
creased the radiographic indices for physitis in the distal 
third metatarsal bone of the foals at 150 days and the 
prevalence of articular cartilage lesions. Articular carti¬ 
lage lesions were minor in all foals, with no evidence 
of clinical OCD in vivo, with the exception of minor 
radiographic changes assessed postmortem. Copper sup¬ 
plementation of the foal had no effect on any or the bone 
and cartilage parameters. Copper supplementation of 
the mares did not abolish DOI) in the growing foals, 
emphasizing the probable multi factorial nature of this 
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condition. Although the copper intake of control foals 
in the present study was within the range considered by 
Hurtig and Pool to be mildly deficient, there was no 
histomorphometric evidence of tissue fragility in the pri¬ 
mary spongiosa of the distal radius of these foals, com¬ 
pared with supplemental foals. 4 ’ The articular cartilage 
lesions were similar to those found in the studies of 
Knight et al. (1990) and Hurtig ct al. (1993). 41 ’ 56 The 
authors felt that the low incidence and severity of lesions 
in their foals differed from the findings of Knight and 
Hurtig because it is possible that in the American studies 
a greater dietary copper requirement exists compared 
with that of the pasture-fed foals in New Zealand. Pearce 
et al.* 1 did not find articular lesions in the cervical verte¬ 
brae. In their study, copper supplementation of the mare 
and not the foal decreased articular cartilage lesions and 
the radiographic indices of physitis in foals at 150 days. 
On the other hand, there was no relationship between 
neonatal liver copper stores and cither radiographic phy¬ 
sitis scores or articular cartilage lesions. It was suggested 
that copper supplementation of mares could provide a 
convenient treatment regimen on farms experiencing an 
increased incidence of DOD. s<) In associate papers, the 
same group found that increasing the copper intake of 
the mare was effective in enhancing the copper status of 
the foals (liver copper). 9 They also found that although 
copper supplementation of the foals is reflected in liver 
copper concentrations, it is poorly reflected in bone, 
other soft tissue copper concentrations, and circulating 
copper status indices. ' Mare treatment also did not af¬ 
fect plasma copper concentration, red blood cell copper 
concentration, plasma ceruloplasmin activity, or copper 
concentration in bone and organs other than the liver.* 1 

Cymbaluk and Smart have cautioned that equine 
veterinarians and owners are currently overemphasizing 
copper intake to the exclusion of adequate energy and 
protein macrominrrnl intake. Although there is evidence 
that copper may control some aspects of osteochondro¬ 
sis, we need to pay attention to general sound nutritional 
management and not presume that copper supplementa¬ 
tion alone will cure this multi factorial problem. 1 Be¬ 
cause zinc appears to be the main copper antagonist for 
horses, dietary copper supplementation must always 
consider zinc intake. Zinc to copper ratios of 4:1 or 5:1 
for all breeds of horses have been recommended. 

Excessive zinc intake has been related directly to 
equine osteochondrosis. 6 * The effects of environmental 
exposure to zinc and cadmium were studied in pregnant 
pony mares following observations of lameness, swollen 
joints, and unthriftiness, particularly in foals. 11 Two 
foals born and raised near a zinc smelter were lame and 
had joint swellings that were attributable to severe gener¬ 
alized osteochondrosis. Lesions resembling osteochon¬ 
drosis were found in the limbs and cervical vertebrae, 
and on the basis of increased tissue levels of zinc and 
cadmium, the authors concluded that increased exposure 
to zinc and possibly cadmium resulted in the develop¬ 
ment of osteochondrosis. On the other hand, some ex¬ 
perimental work insinuated that certain levels of zinc 
(supplementation) are appropriate when copper levels 
are also adequate.’ Because of the multifactonal nature 
of the disease, correction of nutritional imbalances does 
not eliminate this disease. 41 ' 


Endocrine Factors 

Endocrinologic causes have been implicated in the 
pathogenesis. It has been postulated by Glade that the 
production of osteochondrosis lesions in association 
with overfeeding is mediated by the endocrine system. 16 
It was initially suggested, in dogs, that lesions of osteo¬ 
chondrosis might be an endocrine disorder in 1970. 60 
There is evidence for hormonal imbalances being signifi¬ 
cant in dogs; histologic changes similar to those seen 
with osteochondrosis were produced by administration 
of somatotropin-thyrotropin and thyrotropin-cortico¬ 
tropin combinations. 8 ' There is also some evidence for 
hormonal factors in pigs. 69 Glade has proposed that 
feeding initiates increased concentrations of insulin and 
T4. High concentrations of insulin could inhibit growth 
hormone, although the exact mechanism is not known. 20 
High-energy and high-protein diets were associated with 
earlier peaking of insulin levels postprandially, and there 
were thought to be stimulatory effects on clearance of 
T4 and coincident increases of T3. 21 Glade and Belling 
suggested that the episodic transient hypothyroidemia 
produced by high-soluble-carbohydrate diets could 
cause osteochondrosis/' 

Long-term administration of dexamethasonc has been 
associated with the production of osteochondrosis-like 
lesions, 24 " 2 * It was considered that glucocorticoids in¬ 
duced parathyroid hormone resistance at the level of the 
osteocyte, causing inhibition of osteocytic osteolysis. 
Glucocorticoids also induced decreased < . AG levels, and 
this decrease in turn inhibits capillary penetration of the 
cartilage. The failure of endochondral ossification could 
also be mediated through induced defects in vitamin D 
metabolism. In addition to 1,25-OH>(D3) promoting the 
availability of both calcium and phosphate, it has been 
shown that the other active vitamin I) metabolite (24,25- 
OH 2 D3) promotes the synthesis of proteoglycan by 
chondrocytes and is necessary for the normal differentia¬ 
tion of epiphyseal cartilage.' 1 These are not necessarily 
the same as what we see clinically. It has also been 
pointed out that corticosteroids are potent inhibitors of 
lysyl oxidase, and a deficiency of lysyl oxidase can pro¬ 
duce histologic lesions similar to those seen in clinical 
cases of osteochondrosis. 

Site Vulnerability 

Because the lesions of equine osteochondrosis occur 
at specific anatomic sites, this obviously suggests site vul¬ 
nerability. This predilection could be related to delay 
of endochondral ossification or trauma due to excessive 
stress at that region. In osteochondrosis of the cervical 
articular process in the horse, those regions of the inter¬ 
vertebral joint that are under constant load because of 
flexion ossify last, and the lesions regularly develop In 
those areas. * In nearly all instances, the sites of occur¬ 
rence of OCD in the horse are very close to the limits 
of articulation. Differences in GAG content have been 
demonstrated between articular and nonarricular mar¬ 
gins in canine shoulders,'“ and also, GAG contents can 
be modulated by changing a nnnarticular into an articu¬ 
lar surface by making the dog step up onto a raised sur¬ 
face. As noted above, in the equine tarsocrural joint at 
least, the thickest cartilage in the distal tibia (caudal part 
of the intermediate ridge) and distal femur (medial troch- 
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tear ridge) do not correspond with the most common 
sites of osteochondrosis in these hones (cranial part of 
the intermediate ridge and lateral trochlear ridge, respec- 
lively), 1 * 

Some strong arguments have been made for involve¬ 
ment of mechanical factors in the pathogenesis of natural 
cases of equine osteochondrosis. 4 ’ For example, 1) many 
horses are affected in only one site and one joint, 64 
2) lesions of OCD have been reported in sites where 
ossification has ceased, indicating that defective endo¬ 
chondral ossification was an unlikely cause, 64 **" and 3) 
retained cartilage is not commonly found in the growth 
plates of foals. There is limited radiographic and histo¬ 
logic evidence of retained cartilage in equine OCD le¬ 
sions. Fragments of distal intermediate ridge OCD of the 
tibia, for example, appear to be separated from the par¬ 
ent bone very early in life and have undergone revascu¬ 
larization of even some appositional growth. Retained 
cartilage is rarely found. It has been proposed that when 
islands of cartilage are found it is uncertain whether 
these arc residues of traumatically induced callus or dis¬ 
placed hypertrophic cartilage. Further, 4) it is common 
in routine cases to find fragments of normal-thickness 
cartilage separated from apparently normal subchondral 
bone, which is inconsistent with the proposal for fissures 
developing from thickened articular cartilage.* 4 

Lesions are frequently bilateral in the femoropatcllar 
and tarsocrural joint and quadrilateral in the fetlock 
joint, while infrequently involving different joints in the 
same animal. Does this suggest a ‘‘window of vulnerabil¬ 
ity” in the endochondral ossification of that specific joint 
when an environmental insult may have occurred?** If 
the causative factor was present intermittently or for a 
transient period during the foal's growth period, this 
could explain the development of the disease in only one 
pair of joints. It is not possible from these data to ascer¬ 
tain different periods of onset of the disease process in 
different joints. 

Exercise (or Lack Thereof) 

Adequate exercise in foals would logically be impor¬ 
tant to maintain cartilage and bone quality. There are 
some data suggesting a “protective’* effect of exercise.* 
In this study done on early weaned Warmblood foals, 
there was a dramatically lower incidence of osteochon¬ 
drosis in foals subjected to forced exercise and a high- 
energy diet than in foals fed the same diet but with lim¬ 
ited exercise. 

Osteochondritis Dissecans 

There is general agreement that osteochondritis dis¬ 
secans involves a dissecting lesion with formation of a 
chondral or osteochondral flap(s). Flaps may become de¬ 
tached and form joint mice. Blood vessels from the pe¬ 
riphery of the joint frequently remain in communication 
with cartilage flaps or detached flakes, leading to calcifi¬ 
cation or ossification of the avulsed cartilage. Release of 
necrotic debris into the joint along the fissures is consid¬ 
ered to cause synovitis and pain, 114 The latter conclusion 
needs to be questioned, based on the cases seen with 
intact cartilage separated from the bone, manifesting 
with lameness and synovial effusion. 6 " 


As alluded to above, lesions have been found at ar¬ 
throscopy in some instances that consisted of cartilage 
separated from bone, and the cartilage did not appear 
to be thickened. Many histologic studies of porcine os¬ 
teochondrosis have revealed areas of necrosis in the arti¬ 
cular-epiphyseal cartilage complex without concurrent 
or prior thickening of the cartilage .* 4 * 15 In earlier histo¬ 
logic studies of equine material, ^ some subchondral 
bone involvement has also been demonstrated. How¬ 
ever, it must be questioned whether persistence of hyper¬ 
trophied cartilage is a necessary event prior to develop¬ 
ment of an OCD lesion / 4 based on instances seen at 
arthroscopic examination or in follow-up histologic ex¬ 
amination in which dissection or separation occurs close 
to the cartilage-bone interface rather than in the under¬ 
lying cancellous bone between normal cartilage and a 
normal bone-cartilage junction, as it commonly does in 
humans.** 

As mentioned above, one entity in the horse on the 
palmar aspect of the distal third metacarpal bone has 
its origin within the bone and was initially described as 
OCD. 1 It has since been recognized that this name 
implies that this lesion is a developmental joint disease, 
which it is not.*' It is still classified as traumatic osteo¬ 
chondrosis by some. The diagnosis and treatment of the 
important entities of OCD in the horse are discussed 
below. 
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SPECIFIC DISEASES OF JOINTS: 
OSTEOCHONDRITIS DISSECANS 

OCD is a frequent cause of lameness in young athletic 
horses and is the most frequent condition of the complex 
requiring surgical intervention. As discussed above, the 
terms “osteochondrosis," “osteochondritis dissecans," 
and “osteochondrosis dissecans" have been used regu¬ 
larly as synonyms, and their meaning is still somewhat 
controversial. The terms have been distinguished as fol¬ 
lows: “osteochondrosis" refers to the disease, “osteo¬ 
chondritis" to the inflammatory response to the disease, 
and “osteochondritis dissecans" to the condition when 
a flap can be demonstrated/ 4 This section addresses the 
clinical aspects of OCD, including clinical signs, diagno¬ 
sis, treatment options, and prognosis. Although arthro¬ 
scopic surgery is the most commonly recommended 
treatment to achieve athletic activity and prevent L)JD, 
certain situations have been recognized in which con¬ 
servative treatment is successful. 

Three categories of OCD lesions are recognized: 1) 
those showing clinical and radiographic signs, 2) those 
showing clinical signs without radiographic (but arthro¬ 
scopic) signs, and 3) those showing radiographic signs 
but no clinical signs. Data from the first two categories 
of disease have been tabulated for the most common lv 
selected joints from the author’s surgical case reports/ 
The relative incidence of clinical signs versus radio- 


graphic lesions has also been documented in the femoro- 
patellar joint by McIntosh and Mcllwraith/ 2 Similar 
data for other joints are needed. The clinical aspects of 
OCD are presented for the individual joints where OCD 
is most common. 

Osteochondritis Dissecans of the 
Femoropatellar Joint 

OCD was first described in the femoropatellar joint 
of the horse by Nilsson in I947. 4> The lesion described 
by Nilsson was believed to be similar to lesions currently 
referred to as OCD. Similar lesions were later described 
as osteochondral fractures in 1973/° Since that time 
there have been a number of reports concerning patho¬ 
logic and surgical aspects of the condition/ 0 * i6 * 4 °* 44 * 5t * 
$535-68 

In a recent study, 50% of the horses operated for fem- 
oropatellar OCD were Thoroughbreds/ 0 There w ere 53 
females in the group and 108 males (82 intact and 26 
gelded). Approximately 60% of the horses were 1 year 
of age or less at presentation, and the younger animals 
tended to have more severe lesions/ 0 


Clinical signs may develop at any age. More mature 
animals frequently present w f ith a sudden onset of clinical 
signs thought to he associated with the displacement of 
osteochondral fragments. Less frequently, clinically si¬ 
lent lesions may be identified in mature horses, and a 
sudden onset of clinical signs may also occasionally be 
seen in cases in which fragmentation has not yet devel¬ 
oped. In one study on one farm, the average age of identi¬ 
fication of femoropatellar OCD problems was 12.6 
months, 9 months, and 6 months, in three consecutive 

42 

years. 

Horses with OCD of the femoropatellar joint usually 
present with varying degrees of distension of the femoro- 
patcllar joint and varying degrees of lameness, depending 
on the severity of the lesions. Distension of the femoropa- 
tcllar joint is the more consistent presenting sign (Fig. 
7.56). However, the clinicopathologic changes in the sy¬ 
novial fluid are usually minor. Lameness varies from 
nondiscernable to severe. Other common abnormalities 
of gait include reduced cranial phase to the stride and 
lowered foot arc. Young animals with severe lesions may 
have difficulty rising. Concurrent flexural deformities 
have also been reported. 40 * 44 Lateral luxation of the pa¬ 
tella in association with OCD of the lateral trochlear 
ridge of the femur has been seen. 56 Unilaterally affected 
animals are often asymmetrically muscled, whereas bi¬ 
lateral cases frequently exhibit poor hindlimb muscle de¬ 
velopment. 67 The disease is commonly bilateral. In one 
recent series, 91 horses were bilaterally affected (57%), 
and 70 horses had unilateral disease (43%)/° 


Lateral-to-medial radiographs provide the most use¬ 
ful information w r ith regard to the location and nature 
of the lesions (Fig. 7.56). Caudolateral-to-craniomedial 
oblique projections may provide additional information 
with regard to the depth of the lesion on the lateral troch- 
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lear ridge of the femur. The most common defect seen 
radiographically is an irregularity or flattening in the 
subchondral hone of the lateral trochlear ridge of the 
femur that may he localized or generalized (Fig. 7,56). 
Lesions manifesting as defects on radiographs usually 
manifest with an OCD flap or elevated cartilage. Par¬ 
tially mineralized flaps or islands of mineralized tissue 
in other defects may be observed. Mineralized free bodies 
or joint mice that have detached from the primary defect 
may be present loose within the joint or attached to syno¬ 
vial membrane, irregular subchondral defects without 
joint mice tend to be seen in younger horses. Similar 
lesions may be seen on the medial trochlear ridge but 
arc usually limited to irregularities of contour and are 
not as extensive. Ln a number of instances, a separation 
of cartilage from the medial trochlear ridge without any 
defect in the subchondral bone (and therefore no radio- 
graphic signs) is seen at surgery. Primary OCD of the 
patella is relatively rare but is seen in some instances. In 
severe cases of OCD of the trochlear ridges, remodeling 
of the patellar contour may be visible. Localized defects 
of the patellar contour visualized on radiographs may 
represent primary osteochondrosis or secondary change. 
Care must be taken to avoid diagnosing the radiographic 
changes of endochondral ossification on the trochlear 
ridges of young foals as OCD lesions (Fig. 7.57). 1 

In one series of cases, 32 horses had loose bodies in 
at least one joint. 2 " Grades determined from surgery re¬ 
ports were equal to the radiographic grades in 111 cases, 
but 46 horses had lesions at surgery that were worse 
than those seen radiographically. In a related study, the 
radiographs of 72 femoropatcllar and femorotibial joints 
from 50 horses that had arthroscopic surgery were evalu¬ 
ated.* 4 Ninety-four arthroscopically evaluated areas 
were graded according to a predetermined system (based 
on surgery reports). Radiographic grade was then com¬ 
pared with arthroscopic findings in the same location, 
and statistical analysis was performed to determine the 
association between radiographic subchondral bone 
changes and arthroscopic findings. Radiographically 
normal areas in the femoropatellar joint were arthro¬ 
scopically positive for cartilaginous changes in 40% of 
the femoropatellar joints. Areas of mild subchondral 
bone flattening (grade I) in the lateral trochlear ridge 
of the femur were arthroscopically positive for cartilage 
changes 78% of the time. Some 96% of moderate-to- 
severe subchondral bone changes (grades II to V) were 
arthroscopically positive for cartilage damage. This re¬ 
search demonstrated that I) a significant number of ra¬ 
diographically normal joints have cartilage changes, 2) 
areas of mild subchondral bone flattening have cartilage 
changes present in most cases, and 3) areas of moderate - 
to-severe subchondral bone change have arthroscop¬ 
ically detectable cartilage changes. 

Lesions of OCD in other than in the femoropatellar 
joint may occur at the same time but in low incidence. In 
the previously mentioned series of 161 horses, 10 horses 
underwent surgery for other OCD lesions at the time of 
the femoropatellar arthroscopy. 20 Five had OCD of both 
metatarsophalangeal joints, 4 had OCD of the tarso- 
crural joint, and 1 had OCD of the scapulohumeral joint. 
Two other horses had subchondral cystic lesions of the 
medial femoral condyle. 


Treatment 

Conflicting reports have been published concerning 
the management of OCD of the equine femoropatellar 
joint. In 1977, Wyburn reported that satisfactory results 
were achieved with conservative therapy if osteochon¬ 
dral fragments were not seen radiographically but that 
surgery was indicated if free bodies were noted.** How¬ 
ever, two later reports showed that fragments were often 
found at surgery that could not be detected radiographi¬ 
cally. 40 ’ 51 Another group of authors also felt that 54% 
of stifle cases (OCD of femoropatellar joint and sub¬ 
chondral cystic lesions of the femorotibial joint were not 
distinguished) were improved after conservative ther¬ 
apy, 5 but examination of the results show them to he 
inferior to those reported with surgery.Strom berg and 
Rejno reported radiographic evidence that young horses 
that had large subchondral defects and were not treated 
surgically developed DJD.' 5 Stcenhaut et al. also consid¬ 
ered the outcome without surgical treatment to he 
poor. 63 Favorable results after surgical treatment by 
using arthrotomy have been reported. 51 * 5 *** The advan¬ 
tages of using arthroscopic surgery to treat femoropatel¬ 
lar OCD are now well recognized, and the results of 
surgery with this technique have been published/ 0 * 31,40 

More recent work indicates that conservative treat¬ 
ment can be appropriate in some instances. A recent 
study demonstrated considerable success in Thorough¬ 
breds (based on subsequent racing performance) with 
conservative treatment.In this study a careful assess¬ 
ment of foals led to the detection of lesions at an early 
age, and it was concluded that with confinement, early 
radiographic lesions of OCD (subchondral bone contour 
irregularity and subchondral lysis) were potentially re¬ 
versible, On a farm with a high incidence of femoropatel¬ 
lar OCD, three crops of foals were evaluated. Of 11 cases 
not operated on in 1989 (some other cases were operated 
on), 6 raced, 3 had no follow-up, 1 became a jumper, 
and 1 was operated on later, ln 1990, 9 foals with clinical 
and radiographic lesions of OCD were treated conserva¬ 
tively; 2 had raced, 2 were still unraced at the time of the 
report, 3 had lameness, and 2 were used for nonracing 
careers. In 1991 there were 10 cases diagnosed (5 had no 
radiographic lesions initially but subsequently developed 
them, and I never had a radiographic lesion but had 
persistent synovial effusion). Four horses were sold as 
yearlings, reportedly without synovial effusion or lame¬ 
ness, 1 died of unrelated causes. 10 are currently racing 
or training, and 1 subsequently developed OCD of the 
metatarsophalangeal joints. A trend in these data indi¬ 
cated that lesser lesions healed with conservative treat¬ 
ment, and more severe ones persisted in having clinical 
signs. There were two exceptions (successful results 
when the lesion was large) to this rule. 

A case can be made for arthroscopy in all cases, since 
unsuspected intraarticular pathologic changes are often 
found, and early management of these problems could 
be instituted. It has been stated that once a radiographic 
diagnosis of OCD has been made in humans, arthro¬ 
scopic staging of the disease and treatment is the next 
logical step and that conservative treatment by casting, 
immobilization, and limitations of acrivtries (particularly 
in children) should be tried initially before resorting to 
surgery. 1 * It is still difficult to predict when a lesion will 
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Figure 7.57 Radiographs (A and C) and sagittal sections at 
postmortem (B and D) of the normal endochondral ossification 
pattern in a 6*week-old loal A and B Lateral trochlear ridge of 
the femur C and D Medial trochlear ndge o* the femur. (Repnnted 


with permission from Mcllwralth CW, Trotter GW, Eds Joint 
Disease in the Horse. Philadelphia WB Saunders. 1996, 
Fig 22-7.) 


heal and when a lesion will persist, particularly if ar¬ 
throscopy is not done. 1 * It conservative treatment ts to 
he attempted, restriction of exercise with confinement is 
the critical factor. Restricted activity is the basis for the 
conservative management of human juvenile OCD hut 
is nor consistently successful. 2 


The treatment of fcmoropatcHar OCD hy using ar¬ 
throscopic surgery has been extensively described elsc- 
where. 2 ' t,n,1M ° The lesion in the joint is evaluated thor¬ 
oughly, as not all lesions are detected radiographically, 
and each lesion is assessed using a probe. I levators arc 
used to separate OCD flaps. The flaps are generally re- 
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moved by use of rongeurs, and the underlying lesions 
are debrided by use of curets, motorized equipment, or 
both. Loose bodies are also removed. Debridement of 
all pathologic tissue is necessary. 

The results of arthroscopic surgery for the treatment 
of OCD of the femoropatellar joint have been reported 
in 252 femoropatellar joints in 161 horses. 20 Follow-up 
information was obtained on 134 horses, including 79 
racehorses and 55 non racehorses. Eighty-six {64% > of 
these 134 horses returned to their intended use, 9 (7%) 
were in training, 21 (16%) were unsuccessful, and 18 
(13%) were unsuccessful because of other defined rea¬ 
sons. Of the 18 horses that were unsuccessful because 
of other reasons, 14 developed unassociated lameness 
(10 forelimb and 4 hindlimb), 1 died of colic, 1 became 
a wobbler, 1 developed a fatal case of enteritis, and 1 
died under anesthesia during surgery for an unrelated 
roblem in another clinic. The time from surgery until 
orscs started training was dictated in many cases by the 
age of the horse. Horses that had already performed or 
trained before surgery returned to training 4 to 6 months 
after surgery. Sufficient follow-up was available for 11 
of the 12 horses that had surgery for OCD in other joints 
at the time of femoropatellar surgery. Six of these horses 
(55%) were successful, 3 (27%) were unsuccessful, and 
2 (18%) were unsuccessful for other reasons. 211 

There was a significant effect of lesion size on prog¬ 
nosis. Horses with grade 1 lesions (<2 cm in length) had 
a significantly higher success rate (78%) than horses with 
grade 2 (2 to 4 cm) or grade 3 (>4 cm) lesions (63% and 
54% success rates, respectively). 20 Significantly higher 
success was also noted for horses operated on at 3 years 
than for the remainder of the study population. A signifi¬ 
cantly lower success rate was noted for yearlings than 
for the remainder of the population. It was felt that the 
lowest success rate in horses operated on as yearlings 
probably reflects the fact that more severe lesions oc¬ 
curred in the yearling horses (16% grade 1, 13% grade 
2, 46% grade 3) and less sevfcre lesions occurred in the 
3-year-old group {52% grade 1, 38% grade 2, 10% 
grade 3). There was no significant difference in outcome 
as related to sex of the animal involved, racehorse versus 
non racehorse, lesion location, unilateral versus bilateral 
involvement, presence or absence of patellar or trochlear 
groove lesions, or presence or absence of loose bodies. 

Although the results of this study may at first seem 
somewhat discouraging in that only 64% of the horses 
returned to, or achieved, the intended level of perfor¬ 
mance, note that many of these horses were operated on 
at relatively young ages and consequently had not yet 
proven themselves as athletes (over 50% were 1 year 
of age or younger). A study on racing performance in 
Thoroughbreds indicated that approximately 60% of all 
named foals should start a race. 1 The inclusion of only 
named foals (registered with the Jockey Club) would ex¬ 
clude those that show ed no potential or developed other 
problems at a young age and were consequently not reg¬ 
istered. Many of the horses had surgery before they w ere 
named, and this led us to believe that a 64% success rate 
is comparable with successful performance in the normal 
population of racing Thoroughbreds. 2 *’ 

Although a permanent clinical cure can often be asso¬ 
ciated with surgery, limited data show that the healing 
tissue differs from normal osteochondral tissue. 35 On 


the basis of long-term follow-up radiographs of horses 
operated on by the author that arc sound, irregular sub¬ 
chondral contours frequently persist, which suggests that 
subchondral bone remodeling does not take place in the 
femoral trochlear ridges. In humans, OCD mav affect the 
trochlear ridges but more commonly affects the femoral 
condyles. 61 Surgical treatments include the removal of 
flaps, drilling through the lesion into bone, and fixation 
of the flap. 2 ” 8,61 

Osteochondritis Dissecans of the 
Femorotibial Joints 

Subchondral cystic lesions are the most common en¬ 
tity of DOD involving the femoral condyles. However, 
cases of OCD of the femoral condyles have been encoun¬ 
tered. Lesions of OCD may accompany subchondral cys¬ 
tic lesions or occur on their own (most commonly in 
Thoroughbreds). The lesions manifest radiographically 
as an irregular defect in the subchondral bone, best seen 
on a flexed lateral view. They appear arthroscopically 
as typical OCD lesions and have responded to surgical 
treatment. A series of lesions of the femoral condyle, 
some of which may be lesions of osteochondrosis, has 
also been reported recently. 25 Because these cases have 
been recognized infrequently, figures for prognosis do 
not exist. 

Osteochondritis Dissecans of the 

Tibiotarsal (Tarsocrural) Joint 

c 

OCD of the tarsocrural joint was first described as an 
entity in the horse in 1972. Before this, however, seven 
cases of a condition that appears identical to OCD were 
described by Birkeland and Haakenstad as intracapsular 
bony fragments of the distal tibia. 10 These authors later 
described the lesions as OCD. 11 There have been a num¬ 
ber of recent reports documenting the incidence, clinical 
signs, and results of treatment of OCD of the tarsocrural 
jomt. 3,5 * 13,22 * 27,28,32 * 3 ’* 58,65 

OCD of the tarsocrural joint is seen most frequently 
in Standardbred horses. 11 • ,i - ,622 - 27 - 28 i9 * 58 ' 65 In the 
largest series of clinical cases published to date, 154 of 
225 horses were intended for racing (106 Standardbreds, 
30 Thoroughbreds, and 18 Quarter Horses), and the re¬ 
maining 71 included 20 Arabians, 18 Quarter Horses, 13 
Warmbloods, 4 American Saddlebreds, 4 Appaloosas, 4 
Thoroughbreds, 3 Draft Horses (1 Clydesdale, 1 Perche¬ 
ron, 1 Shire), 2 Paint horses, 1 Morgan, 1 National Show 
Horse, and I Lipizzaner. 39 

Cunical Signs and Diagnosis 

The presenting clinical signs were synovial effusion of 
the tarsocrural (tibiotarsal) joint and lameness. Synovial 
effusion of the joint is the most common reason for cases 
being presented, particularly in animals being presented 
prior to being put into training. Of 303 joints with tarso¬ 
crural OCD in which the presence or absence of synovial 
effusion w r as recorded, synovial effusion w r as the present¬ 
ing clinical sign in 261 joints (86.1%). 3v Obvious lame¬ 
ness is often not observed. Older horses (>2 years) or 
racehorses may be presented for lameness. The degree of 
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Figure 7.58 Dorsomedial-plantarolateral oblique radiograph 
showing an OCD fragments) ol the distal intermediate ndge of the 
tibia. 


lameness was not recorded consistently but was usually 
designated as mild. The exception was when severe le¬ 
sions were present on the lateral trochlear ridge of the 
talus (lesions involving the entire visible portion of the 
lateral trochlear ridge of the talus when viewed arthro- 
scopically in the flexed position). Racehorses presented 
most often at 2 years of age, having trained or raced, 
whereas nonracehorses presented most often as yearlings 
prior to training. ; t The age range was from yearling or 
less, up to 14 years. l.esions of OCD of the distal articu¬ 
lar surface of the tibia have been reported postmortem in 
a 3-day-old foal euthanized for neonatal maladjustment 
syndrome." 

The radiographic manifestations depend on the loca¬ 
tion of the lesions. Based on a series of 318 joints re¬ 
ported, lesions were seen most frequently in the interme¬ 
diate ridge of the distal tibia, followed by the lateral 
trochlear ridge of the talus and medial malleolus, respec¬ 
tively. Lesions were also seen in multiple sites in 22 
joints, and loose bodies were present in 8 joints. Five of 
these had separated from intermediate ridge lesions, and 
3 had separated from lateral trochlear ridge lesions. w 
The lesions on the distal intermediate ridge of the tibia 
commonly consist of separation of a bony fragment from 


the dorsal aspect of the intermediate ridge and are best 
demonstrated on the dorsomedial-plantarolateral 
oblique radiograph (Fig. 7.58). OCD lesions of the inter¬ 
mediate ridge of the tibia have been rated on a scale of 
0 to 5, according to the defects and the presence and size 
of the fragments within them. : Most of the author’s 
surgical cases are either grade 4 or grade 5 (some grade 
3) using this classification, and Hoppe grade I and 2 
lesions (defect hut no fragment) are rare, at least in cases 
with clinical signs. Intermediate ridge lesions were classi¬ 
fied into three sizes in a separate study to evaluate the 
possibility of the size of the fragment affecting prognosis. 
Fragment size did not influence prognosis, and the use¬ 
fulness of such a grading system is questionable. 34 Le¬ 
sions on the lateral trochlear ridge are best demonstrated 
with dorsomedial-plantarolateral oblique radiographs 
(Fig. 7.59), hut loose bodies may he elsewhere. Radio¬ 
graphs may nor accurately depict the amount of articular 
cartilage dissection extending beyond the subchondral 
bone defect in some lateral trochlear ridge lesions. 34 Le¬ 
sions of the medial malleolus of the tibia may he demon¬ 
strated with a dorsoplantar or dorsolateral-plantar- 
omedial oblique radiograph (Fig. 7.60), These lesions are 
depicted relatively accurately hv radiographs. Lesions of 



Figur« 7.59 Dorsomedial-plantarotaterai oblique radiograph 
demonstrating an OCD lesion a! the distal aspect ol the lateral 

trochlear rtdge at the taius. 
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Figure 7.60 Dorsoplantar radiograph demonstrating OCD Of 

the medial malleolus of the tibia. 


the trochlear ridge of the talus may be demonstrated with 
dorsolatcral-plantaromedial oblique or lateral-medial 
radiographs. 

A longitudinal study of 77 Standardised foals that 
were examined and radiographed six times from birth 
to the age of 16 months provides information on the 
timing of the development of radiographic lesions. Eight 
horses (10.4%) showed lesions of OCD in the tarso- 
crural joints at the age of 12 months (considered to have 
permanent OCD). These 8 horses all showed abnormal 
ossification and/or OCD before 3 months of age, and in 
4 of these, the lesions were present before ! month of 
age. The authors also recognized abnormal endochon¬ 
dral ossification of the subchondral hone at the sites of 
predilection fur hock OCD that reverted to normal in 
11 other horses. All of these were radiographically nor¬ 
mal after the examination at 7 or 8 months, and there 
were no other lesions at examination at 16 months. 1 * In 
another study in Norway, radiographs were taken of the 
tarsocrural joints in 753 Norwegian Standard bred trot¬ 
ters, all yearlings. OCD lesions of the intermediate ridge 
of the distal tibia and/or the lateral trochlear ridge of the 
talus w'ere diagnosed in 108 (14.3%) horses. The lesional 
changes were bilateral in 49 (45.4%) affected horses. 
Radiographs were repeated in 79 horses after 6 to 18 


months and revealed OCD in only one additional joint. 
No clinical evaluation was reported in this latter study. 

Lesions may he identified during arthroscopy that 
were not apparent on radiographs. In one study, OCD 
lesions were present at arthroscopy in 13 joints w ithout 
being identified by radiographic examination. In 4 of 
these cases, there was synovial effusion without radio- 
graphic change in the joint contralateral to the one with 
the radiographic lesion (3 on distal intermediate ridge 
and l on medial malleolus). w In 9 other cases, the lesions 
(4 medial malleolus, 3 lateral trochlear ridge, and 2 me¬ 
dial trochlear ridge) were found during arthroscopy of a 
joint with other radiographically apparent lesions. Loose 
bodies were detected by different radiographic views, de¬ 
pending on their location. OCD can frequently he diag¬ 
nosed on radiographs when no clinical signs are pres¬ 
en t. , ’ ,3 ’ 2 * ,<: 8 Distinguishing these cases from ones with 
clinical signs is important when assessing the need for 
surgery or the results of conservative treatment. 

Radiographic changes observable in the tarsus that 
are not lesions of OCD include spurs or fragments (dew- 
drop lesions) of the distal end of the medial trochlear 
ridge of the talus, an irregularly shaped depression (syno¬ 
vial fossa) in the central region of the intertrochlear 
groove of the talus, and some flattening of the medial 
trochlear ridge centrally, which may he seen particularly 
in heavy horses.* 0 Separated OCD fragments can occa¬ 
sionally lodge in the proximal intertarsal joint. 

TREATMtNT 

The need for surgery on individual cases of OCD of 
the tarsocrural joint is still Questioned In some, hut the 
literature supports a surgical approach.Hoppe 
concluded that horses affected with OCD seemed to have 
a poorer performance capacity than normal horses, but 
their performance was improved by surgical treatment. 28 
Some of the discrepancy in opinions is based on radio- 
graphic surveys that lack any clinical data,’’ 22 

When clinical signs are present, surgical treatment is 
preferred, particularly if an athletic career is planned. 1 * 1 
Arthroscopic surgery is used, and follow -up results sup¬ 
port its value. 5 ’ 14 Some horses have had full athletic ca¬ 
reers despite lesions being present radiographically, and 
it is presumed rhar lack ol clinical signs is associated with 
some form of stability between the lesion and parenr 
bone. In contrast, horses often develop problems when 
in training, and lameness is a factor in many of these 
cases. Resolution of synovial effusion is also of particular 
importance to nonracehorse owners. Case selection is 
important, however. Radiographic changes in the distal 
tarsal joints (such changes are seen quite often) should he 
noted when discussing prognosis. As mentioned above, 
dewdrop lesions or the presence of calcified fragments 
at the distal end of the medial trochlear ridge of the talus 
are not indications for surgery, as they are usually extra- 
articular. If a free OCD fragment is present in the proxi¬ 
mal intertarsal joint, then removal is indicated. Lateral 
malleolus fragments are usually of traumatic origin and 
are rarely a manifestation of OCD. Arthroscopic surgery 
techniques have been described elsewhere. 18 * “ 

Prognosis 

In a study in which postsurgical follow-up was ob¬ 
tained for 183 horses, 140 (76.5%) raced successfully 
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or performed their intended use after surgery. 3 * Of the 
remaining 43, 11 were considered to still have a tarso- 
crural joint problem, 19 developed other problems pre¬ 
cluding successful performance, 8 were considered poor 
racehorses without am lameness problems identified, 3 
were killed because or septic arthritis, and 2 died from 
other causes. There was no effect of age, sex, or limb 
involvement on the outcome. The success rate relative 
to location of the lesion was 139 of 177 (78.5%) for the 
distal intermediate ridge of the tibia, 24 of 31 (72.7%) 
for the lateral trochlear ridge of the talus, 7 of 9 (77.8%) 
for the medial malleolus of the tibia, 3 of 3 for the medial 
trochlear ridge of the talus (100%), and 17 of 22 
(77.3%) pooled for multiple lesions (no significant dif¬ 
ferences). The success rate relative to the three size 
groups for intermediate ridge lesions was 27 of 33 
(81.8%) for lesions 1 to 9 mm in width, 86 of 116 
(74.1 %) for lesions 10 to 19 mm in width, and 41 of 47 
(87.2%) for lesions 20 mm or more in width. ' 

When success rate was considered relative to the find¬ 
ings of additional lesions at arthroscopy, 16 of 19 
(84.1%) with articular cartilage fibrillation, 5 of 10 
(50%) (did not affect prognosis) with articular cartilage 
degeneration or erosion, 3 of 5 (60%) with loose frag¬ 
ments, 0 of 2 with proliferative synovitis, and 0 of 1 with 
joint capsule mineralization were successful. There was a 
significantly poorer outcome in racehorses with articular 
cartilage degeneration or erosion (P < .05). 

Follow-up data on the degree of synovial effusion res¬ 
olution was obtained for 217 joints that had effusion 
preoperatively. The synovial effusion resolved in 117 of 
131 racehorse joints (89.3%) and 64 of 86 nonracehorse 
joints (74.4%). Of the 22 nonracchorsc joints without 
resolution, the owner calculated that 75% resolution oc¬ 
curred in 12, and 50% resolution had occurred in an¬ 
other four. The resolution of synovial effusion was also 
documented relative to location of lesion. The outcome 
for synovial fluid resolution w’as significantly poorer (P 
< .05) for lesions of the lateral trochlear riJ^e of the 
talus or medial malleolus of the tibia than for lesions of 
the distal intermediate ridge of the tibia.' ‘ 

There was no relationship between postoperative per¬ 
formance and resolution of effusion. In 165 horses in 
which effusion was resolved, 141 raced or performed 
successfully (85,4%), Of the 30 horses in which effusion 
was not resolved, 25 raced or performed successfully 
(83.3%). Five horses that had OCD in the tarsocmral 
loint also had proximal plantar lesions of the first pha¬ 
lanx (4 had successful results and 1 was lost to follow¬ 
up). Two horses had concurrent lesions of the lateral 
trochlear ridge of the femur (I was successful and 1 was 
lost to follow-up). 

Recently, the results of 64 Thoroughbreds and 45 
Srandardhred horses treated for OCi) of the tarsocmral 
joint with arthroscopic surgery prior to 2 years of age 
were reported and were compared with those of other 
foals from the dams of the surgically treated horses (sib¬ 
lings). 5 For the Standardbreds, 22% of those that had 
surgery raced as 2-year-olds and 43% raced as 3-year- 
olds, compared with 42 and 50% of the siblings that 
raced as 2-ycar-olds and 3-ycar-olds, respectively. For 
the Thoroughbreds, 43% of those that had surgery raced 
as 2-year-olds and 78% raced as 3-year-olds, compared 
with 48 and 72% of the siblings that raced as 2-ycar- 


olds and 3-year-olds, respectively. The median number 
of starts for surgically treated horses was lower than the 
median number of starts for siblings for all groups except 
3-year-old Thoroughbreds. Median earnings were lower 
for affected horses than for siblings for both breeds and 
both age groups. There was a tendency for horses with 
multiple lesions to be less likely to start a race than horses 
with only a single lesion; however, the difference was 
significant only for 2-year-old Standardbreds. Affected 
Standardbreds and Thoroughbreds were less likely to 
race as 2-year-olds than were their siblings. 3 The authors 
noted that while the percentage of horses that raced was 
lower than that previously reported/ 19 it was inappro¬ 
priate to compare this study with previous studies be¬ 
cause selection criteria and control groups were different 
and racing performance was not analyzed by year in pre¬ 
vious studies. The authors stated that they currently rec¬ 
ommended removal of any osteochondral fragment asso¬ 
ciated with joint effusion but warned owners that 
affected foals may already have or may develop other 
orthopedic conditions that could limit their perfor¬ 
mance. In another study, horses treated for osteochon¬ 
drosis of the cranial intermediate ridge of the tibia per¬ 
formed as well as matched controls. 

Osteochondritis Dissecans of the 
Metacarpophalangeal and 
Metatarsophalangeal Joints 

There is some divergence of opinion as to what is 
considered OCD within the fetlock and also those enti¬ 
ties that might be considered appropriate to include 
within DOD. 4,1 ** 23,38,41,70 The following conditions 
should be addressed: 

1. OCD of the dorsal aspect of the distal metacarpus 
and metatarsus. It is undisputed that this is a mani¬ 
festation of OCD. 3 ** 41,70 The condition was initially 
described as OCD of the sagittal ridge of the third 
metacarpal and metatarsal bones/ 1 but the term 
was modified after recognition that the disease pro¬ 
cess commonly extends onto the condyles of the 
metacarpus and metatarsus. 1 In one radiographic 
study, OCD changes in the dorsal aspect of the sagit¬ 
tal ridge of the third metacarpus or metatarsus were 
seen in 118 of 753 yearling Standardbred trotters 
with 61 forelimbs and 147 Hindi)mbs affected."' in 
a second study, in which cases were evaluated and 
treated on the basis of clinical signs, the problem 
was assessed in 65 horses. 1 These lesions usually 
involve the proximal aspect of the distal dorsal meta¬ 
carpus or metatarsus. In some instances the most 
distal aspect of the metacarpus or metatarsus is in¬ 
volved. When this is the case, the lesion is within 
the metacarpophalangeal or metatarsophalangeal 
articulation.' 

2. Proximal pahnar/plantar first phalanx fragments . 
Bony fragments associated with the palmar or plan¬ 
tar part of the metacarpophalangeal and metatarso¬ 
phalangeal joints were first described in 1972 by 
Birkeland.' Opinions differ as to whether these frag¬ 
ments are the results of fractures~ or osteochon- 
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drosis. 1 9vW,,s * Because follow-up radiographic exam¬ 
ination showed that such fragments seldom develop 
in horses beyond 1 year of age, this condition is con¬ 
sidered a manifestation of DOD. 11 ’^ More recent 
studies suggest that although these fragments do in¬ 
deed show up in young horses, they are the results 
of a traumatic avulsion associated with the short 
distal sesamoid ligament. 14 Lameness caused by the 
bony fragments has been reported to be evident only 
at the horse's maximal performance, 4,1 and some 
fragments at this site do not cause lameness. 4,26,4M 
In one radiographic study, these fragments were ob¬ 
served in the palmar-plantar aspect of the metacar¬ 
pophalangeal and metatarsophalangeal joints in 89 
(11.8%) of 753 yearling trotters.*' Fragments were 
recorded in 7 forelimbs and 86 hind limbs, and bilat¬ 
eral occurrence was observed in the hindltmbs of 11 
horses. Eleven of 77 foals developed palmar-plantar 
fragments in another study. 14 
3. Proxtmodorsal first phalanx fragments . These frag¬ 
ments, at least in racehorses, have long been consid¬ 
ered to be traumatic in origin and to cause lame¬ 
ness.*** 9 One group of authors has proposed that 
these fractures in Thoroughbred racehorses are 
manifestations of osteochondrosis, 11 but this is not 
generally accepted, at least in Thoroughbreds. How¬ 
ever, dorsal bony fragments in the metacarpopha¬ 
langeal and metatarsophalangeal joints were diag¬ 
nosed in 36 (4.8%) of 753 yearling Standardbred 
trotters in a radiographic survey; 24 ! 1 horses had 
two affected joints, and 1 horse had three affected 
joints. The condition was seen in 35 forelimbs and 
14 htndlimbs. The author also considered these to 
be manifestations of DOD. 21 Similar fragments may 
be found in Warmblood horses as well, and some 
of these fragments could be osteochondrosis related. 
Most clinical conditions, however, are considered to 
be rraumatic in origin and are nor discussed further 
here. 

The fourth condition that has been labeled OCD is 
the condition that was initially described as OCD of the 
palmar metacarpus. 2 *' This condition is now generally 
accepted ro be a traumatic entity and not a syndrome of 
osteochondrosis/' It a 1st) is not considered further here. 

Osteochondritis Dissecans of the Dorsal 
Aspect of the Distal Metacarpus and 
Metatarsus 

Incidence, Clinical Signs, and Diagnosis 

Figures on incidence of this condition are given in 
the section above. Synovial effusion is usually the first 
indication of a problem < Fig. 7.60). The degree of associ¬ 
ated lameness will vary, but flexion of the fetlock will 
usually provoke lameness. 41 * 70 Confirmation of OCD is 
made by radiography. If OCD is diagnosed in one fet¬ 
lock, the other three arc radiographed, because clinically 
silent lesions are commonly found. Although there may 
be no synovial effusion in these latter joints and lameness 
is inapparent, a positive response is often induced with 
flexion. 



Figure 7.61 Synovial effusion in a left hind fetlock that has 
OCD of the distal dorsal aspect of the metacarpus 


For purposes of treatment decision and prognosis, the 
lesions have been divided into three ty pes; type 1 includes 
those with a defect or flattening as the only visible radio- 
graphic lesion (Fig. 7.61), type II includes those in which 
a defect or flattening with fragmentation is associated 
with the defect (Fig, 7.62), and type III includes those 
that have a defect or flattening, with or without fragmen¬ 
tation, plus one or more loose bodies (Fig. 7*63). Oblique 
radiographs should be taken as well as dorsopalmar 
(plantar) and lateral radiographs ro discern involvement 
of the medial or lateral condyles of the distal metacarpus 
or metatarsus. 41 

Treatment 

When this condition was first reported, there were 
eight cases in the series." 0 Two cases of type II OCD 
were euthanized, four cases of type I OCD were treated 
conservatively, one case of type 11 OCD was treated con¬ 
servatively, and one case of type II OCD was operated 
arthroscopically. Based on these small numbers, a work¬ 
ing hypothesis w as made that if the defects were without 
fragmentation (type I lesion), conservative treatment 
would generally be successful. In contrast, it was hypoth¬ 
esized that defects with fragmentation needed surgery. 
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Figure 7.62 Type I OCO of distal dorsal metatarsus. It is 
anticipated that this lesion wouW have healed with conservative 
treatment 


I bis hypothesis became our current recommendations 
tor treatment on the basis of follow-up data. 41 

Of 15 horses with type I lesions that were treated 
conservatively, 12 resolved clinically, and 8 of these 
showed remodeling of the lesions with improvement on 
radiographic examination. 41 In 3 horses, the clinical 
signs persisted. In 2 of these, rhe radiographs showed no 
change, and the horses eventually underwent surgery. In 
the other case, the clinical and radiographic signs pro¬ 
gressed, but rhe horse was not operated on. In 8 cases of 
type II lesions for which owners requested conservative 
management, 2 eventually underwent surgery because of 
the persistence of clinical signs. Clinical signs persisted 
in 5 other horses, but surgery w'as not performed. The 
clinical signs improved in only 1 horse. In most of these 
cases in which clinical signs persisted, the fragmentation 
also progressed radiographically or, at least, did not re¬ 
solve (Fig. 7,20). This study also showed that clinical 
signs of effusion may appear before definitive radio¬ 
graphic changes. Some type l lesions progressed. Such 
cases do not develop osseous fragmentation, but the le¬ 
sions progressed to larger defects, particularly on the 
condyles (seen on oblique view radiographs). A few cases 
of type II lesions improved radiographically. These w-ere 
generally cases with small fragments, and the fragment 
fused in place, resulting in a bony protuberance 3t this 
location. 1 In rhe above group of conservatively man¬ 
aged horses, most horses were foals from 1988. At that 
time, the horses on the farm w r crc followed radiographi¬ 
cally without any particular management change. In 


Figure 7.63 Type It OCO of distal dorsal metacarpus with 
obvious fragment contained within delect 


1989, creep feed was discontinued for foals in which any 
swelling developed, and this was successful in reducing 
problems. During 1990, the energy intake was routinely 
restricted, with an apparent decrease in problems. 41 

Surgery is usually recommended for type II or type III 
lesions. Most of the cases in a series of 42 horses operated 
on w r ith arthroscopic surgery and previously reported 
were type II or type HI lesions. Some type I lesions were 
operated on if they had not responded to conservative 
management. In other instances, type 1 lesions were oper¬ 
ated on in individual joints if a ty pe II or ty pe HI lesion 
was present in another fetlock joint in the same horse. 
This w f as before our retrospective data w'ith conservative 
cases revealed that ty pe I lesions did not usually require 
surgical treatment. The technique for arthroscopic sur¬ 
gery' for the treatment of this condition has been de¬ 
scribed elsew here.The scries of 42 horses previously 
reported included 20 Thoroughbreds, 8 Quarter Horses, 
7 Arabians, 4 Warm bloods, l Standard bred, 1 Pcrchc- 
ron, and 1 Appaloosa. There were 18 fillies, 15 colts, 
and 9 geldings. The forelimbs w'ere involved in 10 horses, 
the hindlimbs were involved in 15, and both the fore- 
limbs and hindlimbs were involved in 17 horses. One 
fetlock was operated on in 10 horses, two fetlocks in 17, 
three fetlocks in 1, and four fetlocks in 14 horses. In 
48 joints, the proximal 2 cm of the sagittal ridge were 
involved, whereas in 11 joints rhe lesions extended distad 
for more than 2 cm. In 14 joints, the lesions involved 
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the lateral or medial condyles of the metacarpus or meta¬ 
tarsus, with or without lesions of the sagittal ridge. 41 

Prognosis 

Of the 42 horses operated on, follow-up was obtained 
in 28. Eight cases were convalescing, and in 6 cases fol¬ 
low-up was unavailable. Surgery was successful in 16 
cases (57.1%), and 12 cases were unsuccessful (42.8%). 
Of the 12 unsuccessful cases, 7 horses were considered 
to still have a problem in the fetlock (25%), 3 cases were 
unsuccessful because of other reasons, 1 case was unsuc¬ 
cessful for unidentified reasons but was considered to be 
normal in the fetlock joint, and 1 horse died. The success 
rate was found to be related to certain other factors. 
There was a trend for the success rate to be higher for 
surgery in hindlimbs than in forelimbs (P — .09). The 
lack of statistical significance in some instances is proba¬ 
bly related to low overall numbers. In the forelimbs, only 
2 cases were successful, whereas 6 were unsuccessful. 
In the hindlimbs, 7 cases were successful, and 3 were 
unsuccessful. When both fore- and hindlimbs were in¬ 
volved, there were 7 successes and 3 failures. Type III 
lesions had 4 successes and 4 failures; type II lesions had 
10 successes and 4 failures. The difference, however, was 
not statistically significant (P = .25). There was no sta¬ 
tistical difference between proximal or distal lesions. In 
contrast, there were statistical differences in the success 
rate depending on whether there was articular cartilage 
erosion or wear lines on the articular surfaces. Only 3 
of 12 cases with erosions or wear lines were successful, 
whereas 13 of 16 with no erosions were successful (P = 
.0029). There was also a significantly inferior result 
when a defect was visible on the condyle on oblique ra¬ 
diographs. When a defect was visible, 6 of 13 were suc¬ 
cessful; if a defect was not visible, 10 of 15 were success¬ 
ful (P «* .0274), Osteophytes were also negative 
prognostic indicators. Three of 9 with osteophytes pres¬ 
ent on the first phalanx were successful, whereas 13 of 
19 with no osteophytes were successful (P = .1792). 

It was concluded that surgical management of type 11 
and type Ill lesions will allow athletic activity in most 
cases, but clinical signs will persist in 25%. Whether sur¬ 
gery will be successful or not is affected by the extent 
of the lesions as evident arthroscopically (and in some 
instances radiographically) as well as the presence of os¬ 
teophytes and of erosion and wear lines. 

Proximal Palmar-Plantar First Phalanx 
Fragments 

Incidence, Clinical Signs, and Diagnosis 

Two types of fragments have been described: 1) type 
I osteochondral fragments of the palmar-plantar aspect 
of the first phalanx, 4 -also called bony fragments of 
the palmar-plantar part of the metacarpophalangeal 
and metatarsophalangeal joints, 23 and 2) type II osteo¬ 
chondral fragments of the palmar-plantar aspect of the 
fetlock joint, 1 also called ununited proximoplantar tu¬ 
berosity, 24 or united plantar eminence 13 of the proximal 
phalanx. As discussed above, these fragments have been 
found frequently on radiographs of yearling trotters." 11 


Type I fragments usually occur in the hind fetlock 
joints, and the consistent complaint is that the horse has 
a hindlimb problem that occurred at the upper level of 
the horse’s performance ability and prevented it from 
competing successfully. Metatarsophalangeal joint dis¬ 
tension is uncommon, 4,1 * There may be a response to 
flexion tests, and intraarticular anesthesia will usually 
eliminate the existing lameness or response to flexion. 
Fragments are best demonstrated on lateromedial 
oblique and dorsal 20° proximal 75° lateral-plantarodis- 
tomedial views. Dorsoplantar radiographs may also 
demonstrate the fragments. In one scries of cl mica i cases, 
the fragments were most commonly seen medially. 

Lameness may develop in association with type II 
fragments but is uncommon. These fragments arc easily 
recognized on conventional oblique radiographs (see 
page 527). i4 

In a longitudinal study of 77 Standardbred foals ex¬ 
amined and radiographed six times from birth to the age 
of 16 months, 11 foals (14.3%) showed either palmar/ 
plantar fragments (or bony defects greater than 5 mm 
at the site of attachment of the short sesamoid ligaments 
to the proximal phalanx) or ununited palmar/plantar 
eminences of the proximal phalanx. At four or more ex¬ 
aminations from birth to 16 months, some were consid¬ 
ered to have permanent lesions. All 11 foals had the le¬ 
sions identified before the age of 5 months, and 6 before 
the age of 3 months. In 7 horses, early radiographic 
changes reverted to a normal appearance before the age 
of 8 months. 13 The extra articular osteochondral frag¬ 
ments or ununited proximal plantar eminences cannot 
be considered permanent until after the age of 1 to 2 
years, because these fragments may unite to the proximal 
eminence of the proximal phalanx after 2 years of age, 
but in such cases early signs of unification are seen after 
12 months of age. 

Treatment 

If type I osteochondral fragments are incidental find¬ 
ings at radiography, treatment is not usually indicated. 
To be considered a surgical candidate, the patient must 
have demonstrable lameness referable to the fetlock in 
addition to a radiographically demonstrable lesion. In 
these cases, arthroscopic surgery is an effective method 
of treatment. 19,3 ^ In one series of 19 horses, 10 were 
treated with arthrotomv, and all returned to full use. 
Seven horses were treated intraarticularly with cortico¬ 
steroids and only l horse was able to return to full use. 19 
Successful results have been obtained more recently with 
arthroscopic surgery. 19,21 * 35 In 55 of 87 (63%) race¬ 
horses and in 100% of 9 non racehorses, performance 
returned to preoperative levels after surgery. Standard- 
bred racehorses constituted 109 of the 119 (92%) horses. 
At surgery, evidence of full-thickness cartilage fibrilla¬ 
tion was noticed in nine metatarsophalangeal joints but 
was not found in any metacarpophalangeal joints. Syno¬ 
vial proliferation in the area of, and immediately adja¬ 
cent to, the fragment was recorded in an additional four 
metatarsophalangeal joints. A significant (P < .0001) 
association between abnormal surgical findings and un¬ 
successful outcome was found wirh 10 of 32 (31%) un¬ 
successful horses with evidence of articular cartilage loss 
or synovial proliferation. Only 1 of 55 (2%) successful 
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horses had synovial proliferation evident at surgery, and 
none had evidence of articular cartilage damage. 4 ' All 
osteochondral fragments removed in this study were type 
1 fragments. 

With type II osteochondral fragments (or ununited 
proximoplantar tuberosity of the proximal phalanx), 
surgery is rarely indicated. Ununited proximoplantar tu¬ 
berosity' (UPT) was seen in 18 (2.4%) of 753 Standard- 
bred yearlings radiographically in one report/' 1 All frag¬ 
ments were in the pelvic limb. The condition was seen 
laterally m 16 horses, while one horse had a medial and 
lateral tuberosity affected, and another only one medial 
tuberosity. Lameness was not observed in any horse 
prior to first examination. On follow-up examination, 
12 UPTs in 11 horses had united to the proximal phalanx 
after 6 to 12 months. One horse was unchanged at 7 
months, and the remaining 4 had radiographic worsen¬ 
ing of the condition, with the UPT being more dislocated. 
Three of these 4 horses also had calcification of the distal 
sesamoid ligaments and periosteal proliferation. Two of 
the horses with the most severe radiographic changes 
developed lameness and subsequently underwent sur¬ 
gery to remove the fragment. This gives an incidence of 
clinically significant disease for UPT in 2 of 16 horses 
diagnosed and followed (12.5%). In 11 of 18 horses, 
type I osteochondral fragments ot the plantar part of the 
metacarpophalangeal joint were seen together with UPT 
in the same pelvic limb. Occurrence of the latter condi¬ 
tion may be an indication for surgery. A common erio- 
logic factor could explain the incidence of simultaneous 
occurrence of these two conditions. It has been proposed 
that clinical signs in conjunction with a UPT may be 
caused by tension on the distal sesamoid ligaments with 
training. Wear and tear of the attachment of these liga¬ 
ments could possibly stimulate dislocation of the frag¬ 
ment, ligamentous calcification, or periosteal prolifera¬ 
tion, and the author therefore recommended restricting 
training of horses with radiographic evidence of the dis¬ 
ease. 4 The author also recommended that owners of 
these horses have them radiographed regularly (every 4 
months) and consider surgery if radiographic or clinical 
evidence indicates progression of the condition/ 4 Such 
cases are unusual. 

Osteochondritis Dissecans of the 
Scapulohumeral Joint 

OCD of the shoulder is the most severely debilitating 
form of OCD seen in the horse. It is, however, less com¬ 
mon than the entities discussed above. Primary lesions 
of OCD occur on the glenoid as well as the humeral 
head, and the disease often affects a major part of the 
joint surfaces. Severe, diffuse OCD lesions as well as sin¬ 
gle or multiple cystic lesions may occur m the glenoid. 
Secondary DJD was recorded in 35 of 54 cases. OCD 
of the shoulder is less common than that of the femoro- 
atellar, tarsocrural, or fetlock joints. A series of 54 cases 
as been reported. * * in a series of 58 joints in 48 horses 
operated by the author, there were 19 Quarter Horses, 
14 Thoroughbreds, 6 Crossbreds, 3 Arabians, 3 Warm- 
bloods, 2 Morgans, and 1 American Paint horse. The 
problem was unilateral in 38 horses and bilateral in 10 
i Howard RD, Mcllwraith CW, unpublished data). The 
humeral head was involved in 12 cases, the glenoid in 11, 


and both the humeral head and glenoid were involved 
in the 26 other joints that had arthroscopic surgery. 

Clinical Signs and Diagnosis 

Most cases of OCD of the shoulder present as year¬ 
lings or younger (it has been reported at 3 months) and 
manifest with a history of intermittent forelimb lameness 
of insidious onset. The forelimb lameness often exhibits 
a swinging component, with reduced limb protraction 
common. It is also common to see muscle atrophy over 
the shoulder, and pain may be demonstrated using direct 
pressure over the joint or by pulling the leg upward and 
craniad, caudad, or into an adducted position. Stumbling 
may result from inadequate fcx>t clearance and the short¬ 
ened anterior phase of stride. A small foot with a long 
heel and club-footed appearance often develops on the 
affected limb because of the altered gait. Synovial effu¬ 
sion cannot usually be detected because of the muscles 
and tendons overlying the scapulohumeral joint. The 
presentation of a horse 1 year old or younger for fore- 
limb lameness, with chronicity evidenced by a smaller 
foot and with muscle atrophy over the shoulder, is con¬ 
sidered by us to be sufficient reason to take standing 
radiographs of the shoulder. 

The problem may be localized to the shoulder using 
intraarticular analgesia. This diagnostic aid is important, 
as the condition can often only be diagnosed definitively 
by taking radiographs under general anesthesia. A 3- 
inch, 18-gauge spinal needle is used for intraarticular 
analgesia of the shoulder. The needle is inserted cranial 
to the infraspinatus tendon at the level of the greater 
tuberosity of the humerus. The needle is inserted slightly 
caudad and vencrad (see Chapter 3 for more informa¬ 
tion). Mepivacaine or lidocaine (20 mL) is injected. A 
100% response to the block is not necessary to consider 
the test result positive. It is relatively common for an 
OCD lesion in the shoulder to show intact cartilage at 
the surface and a dissection plane with subchondral cavi¬ 
tation beneath when evaluated arthroscopically. A dra¬ 
matic response to local analgesia cannot be expected in 
such cases. 

When OCD involves the humeral head, the most com¬ 
mon radiographic change is flattening or indentation of 
the caudal aspect of the humeral head (Fig. 7,64). Le¬ 
sions in the glenoid manifest as either diffuse areas of 
subchondral lucency or as cystic lesions (usually multi¬ 
ple). Subchondral bone irregularities are a significant 
sign in either the humeral head or the glenoid. Lesions 
may occur in both locations in the same joint. Osteo¬ 
phyte formation (caudal humeral head) is reasonably 
common, and subchondral sclerosis may also be seen. 
Cystic lesions in the glenoid have been seen as solitary 
lesions. Free bony fragments are rare. 

Treatment 

Conservative nonsurgical treatment of osteochondro¬ 
sis of the shoulder has not been successful for athletic 
performance. 44 * 4 ' 5 Animals have been treated success¬ 
fully with arthrotomy. 15 * ’ 1 -' iS ’*" , “ Extensive sofi tissue dis¬ 
section is necessary, however, and the craniomedial as¬ 
pect of the joint may not be visualized. 59 The 
development of arthroscopic surgery techniques has pro¬ 
vided advantages over arthrotomy in both avoiding these 
complications and providing additional benefits, partic- 
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Figure 7.64 Type III OCD with two loose fragments visible on 
this oblique radiograph of the fetlock. 


uiarly unproved visualization of the whole joint and a 
lack of surgical morbidity 6-8 ’^ ' 4 ; however, the arthro¬ 
scopic technique is not easy, and it becomes extremely 
difficult in an adult horse. 

Because of the generalized pathologic changes present 
in many instances, surgical cases should be selected care¬ 
fully, However, surgery will benefit some horses, even 
when secondary degenerative changes are present. Al¬ 
though the ability of the young equine joint to heal after 
curettage of major defects is impressive, we still lack suf¬ 
ficient numbers to give realistic percentages. With very 
severe cases, a poor prognosis is offered, and surgery is 
not recommended. 

At arthroscopic surgery the lesions arc usually more 
extensive than could be surmised from the radiographs." 
In most instances, the cartilaginous changes extend be¬ 
yond the limits of the subchondral bone abnormalities 
observed on radiographs, particularly in the glenoid. In 
some horses in which a lesion is limited radiographically 
to the glenoid or the humeral head, additional lesions are 
found arthroscopically on the opposing articular surface. 
The most common arthroscopic abnormalities of the hu¬ 
meral head are cartilage discoloration with undermining 
or erosion down to subchondral bone on the caudal as¬ 
pect of the articular surface. In some instances, a lesion 


is not visible initially, and probing is required to ascer¬ 
tain the area of undermined cartilage. The most common 
arthroscopic abnormality in the glenoid is cracked and 
undermined articular cartilage with fissure formation 
and fibrillation. An additional common finding is defec¬ 
tive, friable subchondral bone, and these lesions may ex¬ 
tend quite deeply (however, young horses have subchon¬ 
dral bone of a softer consistency, and it is sometimes 
difficult to differentiate pathologic from nonpathologic 
bone). Problems with arthroscopic surgery in the shoul¬ 
der include difficulty' with arthroscopic placement, diffi¬ 
culty establishing triangulation with the instrument por¬ 
tal, extravasation of fluids, difficulty in reaching 
potential lesions, and damage to instruments. 4 

Prognosis 

The results of arthroscopic surgery for OCD and sub¬ 
chondral cystic lesions of the shoulder were initially de¬ 
scribed for 13 shoulders in 11 horses. The lameness 
decreased in all 11 horses after surgery, with 9 of the 

11 horses reported as becoming sound, and 2 remaining 
lame. On long-term follow-up, 5 horses were athletically 
sound and were being shown, ridden, or raced after 5 
to 20 months. A sixth horse was sound when beginning 
race training. A seventh horse was pasture sound and 
was to begin race training in several months at the time 
of the report. An eighth horse showed well in halter for 

12 months, but shoulder lameness returned; this horse 
was donated and necropsy was performed. The ninth, 
tenth, and eleventh horse remained lame. Complications 
included the development of subchondral cyst like lesions 
and signs of DJD. Follow-up radiographic assessment of 
6 of the 9 sound horses revealed improvement in the 
contour of the humeral head and joint space and more 
even density of the humeral epiphysis and glenoid of the 
scapula in 6 horses. One of these horses showed marked 
improvement in subchondral bone density and the sur¬ 
face contour of the glenoid cavity. In 2 of the remaining 
5 horses, the caudal border of the glenoid cavity had 
remodeled to appear more like the contralateral joint. 
In the fourth of the 6 sound horses, radiographs ohrained 
I year later showed a subchondral cystic lesion in the 
bone adjacent to the scapula that had definitely not been 
present previously, but the horse was still sound and 
remained so. The contour of the glenoid articular surface 
on its caudal border was smoother postoperative!)', the 
subchondral osteosclerosis was reduced in thickness, and 
the horse was athletically sound. In the fifth horse in this 
group, an osteophyte on the humerus had enlarged, but 
definite improvement was noted in the joint contour of 
both the humeral head and glenoid cavity. Radiographs 
obtained from I of the 2 horses that improved but was 
still lame showed no improvement in the glenoid lesion. 
In the horse that deteriorated clinically in which euthana¬ 
sia was chosen, the humeral epiphysis was severely de¬ 
formed, with a defect in the articular surface contour, 
a subchondral cystic lesion, and a small intraarticular 
fracture of the cranial margin of the glenoid cavity. 

A larger, long-term follow-up study has recently been 
completed. Of 48 horses operated on bv the author, com¬ 
plete follow-up was obtained in 35. Sixteen had success¬ 
ful outcomes (45.7%) and 19 had unsuccessful outcomes 
(54.3%). Five additional horses were in various stages 
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of convalescence or training, and 8 horses were lost to 
follow-up (Howard RD, Mcllwraith CW, unpublished 
data). 

An alternative arthroscopic technique has been re¬ 
ported in 8 normal horses and 2 cases of osteochon¬ 
drosis. 7 
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SPECIFIC DISEASES OF JOINTS: 
SUBCHONDRAL BONE CYSTS 

Subchondral bone cysts and, in particular, their path¬ 
ogenesis and treatment, still incite considerable contro¬ 
versy. We have not even been able to agree on terminol¬ 


ogy, Alrhough the lesions were initially described as 
subchondral bone cysts, other authors describe them as 
subchondral cystic lesions or osseous cystlike lesions to 
avoid the implication that they are true cysts. Examined 
pathologically, this author feels that they do conform to 
most people's definition of a cyst in that they have a 
lining. 

Their etiology is also multi factorial. 18 They occur in 
a number of locations. Subchondral bone cysts were first 
reported as a clinical entity in 1968.“ In that report there 
were 12 cases in the phalanges and one in the radial 
carpal hone. A scries was reported in 1982 in the stifle 
and distal phalanx/ 1 ' A third series of 69 cases with 64 
horses was reported in 1970 under a modified name, 
osseous cvstlike lesions/ 4 In that series there were 15 
instances of cysts in the carpal bones, 10 in the third 
metacarpal bone, 3 in the radius, 5 in the proximal sesa¬ 
moid, 6 in the proximal phalanx, 4 in the middle pha¬ 
lanx, 5 in the distal phalanx, 6 in the navicular bone, 
12 in the femur, 2 in the tibia, and 3 in the tarsal 
bones. Since that time, the most common site of clinical 
cases reported has been the medial condvle of the 
femur. 7 * 8,1 12 * 16 * 1 ?J743 

Etiology ani> Pathogenesis 

A number of authors 1 *’ 28 have proposed that sub¬ 
chondral cystic lesions are manifestations of osteochon¬ 
drosis, and the author feels that with young horses and 
particularly in bilateral cases, this is the likely cause. On 
the other hand, there has been progressive recognition 
that subchondral bone cysts occur in older horses, and 
some have been identified with an initial articular de- 
fcct. 14J4 In an early study by Kold, Hickman, and Mel* 
son, a subchondral bone cyst was produced experimen¬ 
tally in a pony by creating a linear cartilaginous defect 
in a central weight-bearing area of the medial femoral 
condyle. 11 More recent work in our laboratory did not 
duplicate this finding but yielded interesting data/' A 
full-thickness linear defecr was created in the articular 
cartilage of the medial femoral condyle in six femorotib- 
ial joints in a group of exercised horses, and in all cases, 
no subchondral bone evsts formed. However, in the same 
study, concurrent elliptical cartilaginous and subchon¬ 
dral bone defects (5 mm diameter and 3 mm deep) in 
the medial femoral condyle resulted in the development 
of cystic lesions in five of six horses. This experimental 
finding, as well as the anecdotal clinical evidence, lends 
support to the theory that direct mechanical trauma to 
the subchondral bone plays a role in the development of 
subchondral bone cysts. 

Some recent work from a collaborative study between 
our laboratory and a laboratory in Zurich has demon¬ 
strated that the fibrous tissue contents of subchondral 
bone cysts in horses produce P(»tv< as well as the matrix 
metalloprotcinascs, collagenase, gelatinase, and stromcl- 
ysin. Further evidence that these mediators may play an 
important role in the pathologic bone resorption associ¬ 
ated with subchondral bone cysts is provided by the ob¬ 
servation that conditioned media of explain cultures of 
fibrous tissue of subchondral bone cysts and cyst fluid 
was capable of recruiting osteoclasts and increasing their 
activity in a bone resorption assay. ' 1 Such active bone 
resorption may play a role in the pathogenesis of sub- 
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chondral hone cysts and also may he significant in the 
continued enlargement of cystic lesions well after the ces¬ 
sation of endochondral ossification. 

As an “intermediate" hypothesis, it has been thought 
that compressive forces encountered in normal weight¬ 
hearing may encourage the formation of subchondral 
bone cysts by contributing to the deformation of thick¬ 
ened cartilage previously compromised by a disturbance 
in the endochondral ossification process. M1 Associated 
with this is the observation that subchondral bone cysts 
tend to occur at the location in a joint that is subjected 
to maximal weight-bearing during the support phase of 
the stride. M ' 21 Bramlage has also suggested on the basis 
of the medial femoral condyle being a high-risk site for 
infarction and blood supply intervention that this may 
be a means by which disturbed ossification occurs and 
could explain the incidence of cysts in the medial femoral 
condyle. 

SlTF-S OF OCCURRFNCF. AND DIAGNOSIS 

Ff.morotibiai Joint. Subchondral cystic lesions of the 
medial condyle of the femur are the most common entity 
described. They arc most common in young horses but 
have been diagnosed in horses up to 12 years of age. The 
typical history is lameness (often intermittent), appear- 



Figure 7.65 Radiograph of osteochondritis dissecans of the 
shoulder A. Flattening of caudal aspect of the humeral head and 


mg when a young horse undergoes training or is sub¬ 
jected to increased athletic activity, when other causes 
of hindlimb lameness are eliminated. There may be few 
visual signs in the femorotibial area. Synovial effusion 
of the femorotibial joint is very difficult to detect because 
of the anatomy. However, over 50% of cases manifest 
with some femoropatellar effusion. This is presumably 
associated with increased pressure of fluid in the femoro¬ 
tibial joint opening the flaplikc communication between 
the medial femorotibial and femoropatellar joints. The 
lesion is defined with radiographs, and its clinical signifi¬ 
cance may be confirmed with a medial femorotibial in- 
traarticular block (Fig. 7.65). Although increased scinti¬ 
graphic uptake associated with subchondral cystic 
lesions on preoperative scintigrams has been reported, 26 
it is not a consistent diagnostic feature. Two studies have 
reported lack of increased radionuclide uptake in the 
presence of cyst enlargement. 2 ^ 26 

Carpus. Lesions occur in both distal radius and carpal 
bones {Figs. 7.66 and 7.67). These lesions are seen regu¬ 
larly, but they may be clinically insignificant. •' Clinical 
evidence needs to be proven by local analgesia 1 and re¬ 
sponse to intraarticular analgesia is not consistent. A spe¬ 
cific subcarpal injection and/or local infiltration of anal¬ 
gesic solution is often necessary. An alternative is the use 



irregularities in the gienoxJ. B. More concave defect in humeral 
head 
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Figure 7.66 Sequential craniocaudal radiographs of a 
subchondral cystic lesion. A At initial examination with small 
defect (arrow). 8 Five months later an increased area of lucency 
(arrow) is present, C. After a further 11 months the lesion is more 
lucent and increased in area. D. Lateral radiographs of lesion 
taken at the same time as C 
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Figure 7.67 Radiograph of subchondral cystic lesion of distal 
(arrow) radius. 


of an ulnar, median, and musculocutaneous nerve block 
combination to at least localize to the region. 

Fetlock Joint. Subchondral cystic lesions may occur in 
the distal metacarpus (metatarsus) or the proximal first 
phalanx. Subchondral cystic lesions of the third metacar¬ 
pal bone are the most common and typically involve 
forelimbs. In a series of 15 cases recently described, 6 cys¬ 
tic lesions most commonly involved the medial condyle 
of the rhird metacarpus. They can also occur in the lat¬ 
eral condyle and in the sagittal ridge. Most (10 of 15) 
of the horses in this study were age 2 years or less at the 
onset of clinical signs, but 5 horses were more than 6 
years of age and had been performing successfully in 
their respective careers for a number of years without 
lameness (additional evidence of a nondevelopmental 
process). Because synovitis is not a consistent feature, 
localization of lameness to the fetlock may not be ob¬ 
vious. Regional anesthesia can be useful. Radiographs 
confirm the diagnosis, with dorsopalmar and standing 
lateromedia! views being routine, and for several horses, 
an elevated 45° dorsopalmar view' providing more detail 
(Fig. 7.68 ). 6 Fourteen of 15 horses had a history of mod¬ 
erate lameness attributable to the metacarpophalangeal 
joint, and the lesion w'asan incidental finding in 1 horse. 
The duration of lameness ranged from 4 weeks to 8 


months, it was either acute in onset or occurred intermit¬ 
tently, and it was associated w ith exercise. Fetlock flex¬ 
ion significantly exacerbated the lameness in all cases. 
Synovial effusion was absent in 8 (53%) cases. Although 
it has been considered that lameness from subchondral 
cystic lesions can be attributed to acute synovitis occur¬ 
ring from shedding of inflammatory debris from the cys 
tic lesion into the joint/ the lack of synovial effusion 
and the presence of lameness in cases in the fetlock sug¬ 
gests that other mechanisms arc involved. The recent 
demonstration of nociceptive nerve fibers in the sub¬ 
chondral bone plate of the distal metacarpus 21 provides 
an alternative explanation for the pain. It has also been 
suggested that there may be an increase in intraosseous 
pressure within the bone surrounding the cystic cavity 
and that this is also the reason for the deposition of 
woven bone (sclerosis) around the periphery <4 cystic 
lesions. 1 

Pastern Joint. Two separate entities should be consid 
ered in the discussion of subchondral cystic lesions of 
this joint. 1 u In both instances, the cystic lesions usually 
occur on the distal aspects of the first phalanx. The first 
entity is a single (or multiple with minimally associated 
OA) lesion. Such lesions occur in young mature horses, 
and the cases described by Pettersson and Sevelius seem 



Figure 7.66 Radiograph of subchondral cystic lesions in radial 
second and third carpal bones 
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to fall within this category. The second entity is multiple 
cystic lesions of the distal first phalanx in association 
with severe OA that typically occurs in very young ani¬ 
mals. 2 '' These are most commonly observed in Quarter 
Horses. The severe loss of articular cartilage associated 
with this entity is particularly unusual compared with 
other locations where subchondral bone cysts occur. 

In each case, diagnosis is often made by recognition of 
lameness and evidence of swelling in the pastern region. 
Obvious clinical ringbone is evident when there are mul¬ 
tiple cysts w ith OA. The diagnosis is usually made defini¬ 
tively with radiographs (dorsopalmar and lateral-to-me- 
dial views) (Figs. 7.69 and 7.70). In cases with single 
cysts, localization of the lameness to the pastern by intra- 
articular or regional infiltrarion of analgesic solution is 
appropriate, Subchondral cystic lesions of the proximal 
aspect of the middle phalanx are sometimes seen as inci¬ 
dental findings on prepurchase radiographs (Fig. 7.71). 
It is important to ensure that the lesion is indeed the 
cause of clinical lameness. 

Coffin Joint. Subchondral cystic lesions of the distal 
(third) phalanx were reported in the initial series by Pet- 
tersson and Sevelius 22 and received closer attention by 
Verschooten and DeMoor. 10 The problem can be local¬ 
ized clinically with intraarticular anesthesia or distal pal¬ 


mar anesthesia. Communication of the cystic lesion with 
the joint may be established by observation of plain ra¬ 
diographs or xeroradiographs; alternatively* an arthro- 
gram may he used. Cystic lesions may occur on either 
the distal aspect of the middle (second) phalanx (less 
commonly) or the proximal aspect of the distal phalanx 
(most common). 

Shouloek. Cystic lesions of the glenoid arc commonly 
associated with OCD of the humeral head in young 
horses. In most instances, they are considered to be a 
manifestation of osteochondrosis. 2 Cystic lesions can 
occur as a primary entity on the glenoid alone as well. 
The presenting clinical sign is forelimb lameness in a 
horse, usually under 1 year of age. There is commonly 
some shoulder muscle atrophy as well as a smaller ftwit 
on the affected side. The disease is confirmed by radio¬ 
graphs, and confirmation that the radiographic lesions 
arc clinically important can be achieved by a response 
(partially sufficient) to intraarticular infiltration of local 
anesthetic solution. 

Elbow. Subchondral cystic lesions occur in the elbow\ 
They most commonly involve the proximomediat aspect 
of the radius but have been seen occasionally in the distal 
medial aspect of the humerus. 1 They present as forelimb 



Figure 7.69 Dorsopalmar (A) and lateral (8) views of subchondral cystic lesion (arrows) in the distal 

extremity of the third metacarpal bone. 
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Figure 7.70 Clinical presentation of subchondral cystic lesions 
of the distal aspect of the proximal phalanx. 


lameness, and diagnosis is confirmed by radiographs and 
(most commonly) elimination of other sites of lameness. 

Treatment 

Femorotibial Joint. The ideal treatment is the subject 
of debate. Success with conservative treatment (rest and 
anti-inflammatory agents) has been reported;*' 2 ' how¬ 
ever, older horses had a worse prognosis. 2 In the au¬ 
thor's experience, some horses progress to athletic activ¬ 
ity (including racing) without surgery, but most have 
persistent problems. Surgery is recommended, therefore, 
when athletic soundness is required. The client should 
be advised that although some horses may recover spon¬ 
taneously, the prognosis for athletic activity increases 
from about 20 to 75% after surgery. In terms of evaluat¬ 
ing “success," we have found that with conservative 
treatment, some horses can go on to alternative and less- 
demanding careers. For instance, we have horses that 
are bred to race but end up being riding horses with 
conservative therapy. Success can only be considered 
truly achieved when the horse has returned to the com¬ 
plete activity that it was undertaking before or for which 
it is bred and at the same level. 

Historically, there have been a number of surgical 
treatments. From 1975 to 1978, I attempted surgical 


treatment using an cxtraarticular approach and packing 
the defect with cancellous bone graft. None of the initial 
six cases I treated in this fashion achieved athletic sound¬ 
ness. This was attributed to inadequate curettage at the 
edge of the cyst and lack of penetration of the sclerotic 
bone. A similar periarticular approach was described as 
successful by White and Pradas in 1988.' 2 From 1979 to 
1989,1 used an intraarricular approach with arthrotomy 
into the medial femorotibial joint between the middle 
and medial patellar ligaments with the joint flexed. 16 Of 
42 horses that did not have evidence of OA prior to 
surgery, all improved, and 35 were not lame when re¬ 
turned to athletic activity. * 1 Of four with osteoarthritis' 
signs prior to surgery, two remained lame and two im- 
roved. Surgery is currently recommended for cases that 
avc not responded to at least 3 months of rest. How¬ 
ever, a longer delay is not necessarily detrimental; several 
horses were lame for a year or more before becoming 
sound after surgery. 

Surgery by arthrotomy using cancellous hone graft 
placed in the curetted cavity has also been reported to 
provide good results. 1 * However, wc have found that 
leaving the cavity empty removed the need for bone graft 
harvesting and produced similar results. 1 ( In the arthro¬ 
tomy study that we did, radiographic changes observed 
in 14 horses (22 operated lesions) after surgery varied 
from reduction of the sclerotic bone margin with reten¬ 
tion of a lytic cystlike area to partial healing." Nearly 
complete filling was observed in two lesions. There ap¬ 
peared to be no relationship between the degree of radio- 
graphic density postoperativcly and eventual soundness. 

Since 1989 I have used arthroscopic surgery as de¬ 
scribed by Lewis 12 to treat these lesions. Excellent visual¬ 
ization of the cystic lesion can be obtained. In a follow¬ 
up study using censored analysis we found that our suc¬ 
cess rate was 70%. In eight horses in this study the 
cystic lesion increased in size, and this increase in size 
postsurgerv was correlated with the use of subchondral 
bone drilling. We have since ceased using subchondral 
bone drilling and have added intralesional injection of 
40 mg of \1PA (Depo-Medrol) to the regimen. The latter 
technique was based on some data from the treatment 
of unicameral hone cysts in humans. I now feel that the 
use of adjunctive MPA is probably supported by our 
recent findings of inflammatory mediators in the lining 
of the cysts. Since we started using corticosteroids at the 
time of surgery, we have had no cases in which the cyst 
has increased in size postoperativcly. 

Concave defects and flattened defects of the femoral 
condyle have been encountered, and we have treated 
these in various fashions. Currently wc only treat them 
arthroscopicallv if they are symptomatic. 

Carpus. I currently recommend surgery for cystic lesions 
in the carpus if there has been no response to 6 months 
of conservative treatment and the clinical problem re¬ 
sponds to local analgesia. Four cases of distal radial cysts 
have been reported as responding successfully to con¬ 
servative management. 25 

Fetlock Joint. I have had very poor results with con¬ 
servative management of cystic lesions of the distal meta¬ 
carpus and consequently recommend arthroscopic sur¬ 
gery. 1 * 20 Arthroscopic surgery is somewhat difficult 
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Figure 7.71 A. Radiograph of multiple cystic lesions in distal 
aspect of the proximal phalanx Evidence of osteoarthntis with joint 
space narrowing on one side (arrows). B Single cystic lesion of 


because of the need for maximum flexion to expose the 
communication of the cystic lesion with the articular sur¬ 
face of the distal metacarpus or metatarsus. However, it 
can be done, and this is the routine treatment for our 
cases now* Recently, the results of surgical treatment in 
15 horses have been described* Cystic lesions were cu¬ 
retted arthroscopically in 12 horses and through a dorsal 
pouch arrhrotomy in 3 horses. Concurrent osteostixis of 
the cystic cavity was performed in 7 horses. Twelve of ! 5 
horses (80%) were sound for intended use after surgical 
treatment, 1 horses did not regain soundness, and fol¬ 
low-up information was unavailable for I horse. Mild 
periarticular osteophyte formation and enrhesiophyte 
formation of the dorsal joint capsule attachments were 
present in S of 9 horses. Bony ingrowth of the cystic 
lesion was detectable in 8 horses, and enlargement of the 
cystic cavity was observed in I horse (this horse had also 
had subchondral bone drilling). Based on this study, it 
would appear that the surgical treatment of subchondral 
bone cysts of the distal metacarpus can result in a favora¬ 
ble outcome for athletic use. 

Pastern Joint. Subchondral cystic lesions in the distal 
aspect of the first phalanx that are single (or multiple 
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proximal aspect of middle phalanx noted as an incidental finding 

on prepurchase examination 


with minimally associated OA) may respond welt to con¬ 
servative treatment and be functionally sound. Ample 
rime is therefore given before treatment is instituted. 
These lesions tend to occur in young mature horses. In 
the second entity where there are multiple cystic lesions 
of the distal first phalanx in association with severe OA 
in very young animals, 2 ’' the prognosis is poor, and the 
only treatment is surgical arthrodesis. This has been done 
successful I y.‘ M 

Con in Joint. There is general agreement that the prog¬ 
nosis with conservative treatment is guarded to poor. 
The author has not seen a horse achieve athletic sound¬ 
ness following conservative management. However, this 
statement is made with reference to cystic lesions associ¬ 
ated with the coffin joint rather than cystic lesions in the 
more distal aspect of the distal (third) phalanx, which do 
not communicate with the joint and represent a different 
entity in terms of pathogenesis and treatment. The au¬ 
thor has used two different approaches with subchondral 
cystic lesions. In the case illustrated arthroscopically, 
communication of the cystic lesion with the joint was in 
the area of the extensor process. We approached the case 
arthroscopically and debrided the cyst with a burr. On 
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the other hand, other cases require curettage through a 
created defect in the hoof wall. 1 still give a guarded 
prognosis in these cases because insufficient numbers are 
available and we have experienced some unsuccessful 
results. 

Shoulder. Cystic lesions in the shoulder do not respond 
to conservative treatment. The only option for successful 
treatment is arthroscopic surgery and debridement of the 
cystic lesion. The prognosis in these instances depends 
on the amount of cartilage collapse and undermining 
osteochondrosis. 

Ei bow. Although we previously reported that surgical 
intervention of these cases is preferred to conservative 
management, more case experience and longer follow¬ 
up cause questioning of these initial conclusions. 1 The 
surgical approach goes through the proximomedial as¬ 
pect of the radius with enucleation of the cyst. The proce¬ 
dure is somewhat cumbersome because it requires radio- 
logic monitoring. In one case, a comminuted proximal 
radius fracture was sustained during anesthetic recovery 
from curetting such a case. At the present time the author 
prefers at least 3 months of conservative treatment be¬ 
fore contemplating surgery. 

Summary 

Controversy still exists with regard to subchondral 
hone cysts in the horse, but in the last 10 years we have 
gathered much useful information on both pathogenesis 
and treatment. Osteochondrosis is clearly not the only 
means of acquiring a subchondral bone cyst. We also 
have good data on the response to surgical treatment of 
the femorotibial and fetlock joints. We have less exten¬ 
sive dara on the treatment in the carpal, pastern, coffin, 
and elbow joints. Whether cancellous bone graft aug¬ 
ments healing is still controversial. At the moment the 
author feels that the most important principles are enu¬ 
cleation of the cyst and suppression of any ongoing in¬ 
flammatory reaction that can cause progressive lysis 
after surgical curettage. 
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SPECIFIC DISEASES OF JOINTS: 

INFECTIVE (SEPTIC) ARTHRITIS 

The term “infective" arthritis is being used here and 
is considered the most appropriate. 4 ’ However, “septic" 
or “infectious" arthritis has achieved common usage by 
others as well as the author. It has been recently pointed 
out that infectious is frequently defined as “capable of 
being spread from one host to another with or without 
direct contact," and thus equine influenza virus or equine 
herpesvirus could be regarded as an infectious organism. 
(May S, personal communication, 1994). “Infective" by 
usage is more restricted in its definition, and Churchill's 
Medical Dictionary defines it as “capable of causing in¬ 
fection.” It is therefore felt that in the case of infective 
arthritis, bacteria could not be regarded as infectious as 
it is in the case of respiratory virus, although the bacteria 
could be regarded as infective because they are capable 
of causing infection. 

Infective arthritis is the most severe problem encoun¬ 
tered in the equine joint. It can result in rapid destruction 
of the articular cartilage, and when septic osteomyelitis 
is also present, there may be irreversible loss of articular 
surface at the time of presentation.” 

Three syndromes of infective arthritis can be identi¬ 
fied in the horse: 1) hematogenous, 2) local penetration 
or traumatic, and 3) iatrogenic (usually associated with 
intraarticular injection). Hematogenous infective arthri¬ 
tis is most commonly observed in young foals. In past 
literature the classic organisms causing infective arthritis 
in foals have been cited as Actmohacillus spp,. Strepto¬ 
coccus spp., and Salmonella spp. 16 More recently, Esche¬ 
richia coh and other Enterohactertaceae have emerged 
as the most common isolates. 1 , ** V4 Septic arthritis in foals 
has been divided into type S (septic arthritis), type E 
(septic arthritis and osteomyelitis of the epiphysis), type 
F (septic arthritis and osteomyelitis of the physcal area), 
and typcT (involving central tarsal bone flaps). 19 Osteo¬ 
myelitis is a common and classical accompaniment to 
infection of the joint in the foal. 1 9 The clinical findings 
in 78 foals affected with septic polyarthritis were pre¬ 
sented by Firth and correlated with radiologic and 
pathologic findings. More than two-thirds of the foals 
that were nccropsicd had septic polyosteomyelitis in ad¬ 
dition to septic polyarthritis. 19 It is considered that he¬ 
matogenous seeding of the synovial membrane can be 
due to either direct lodgment of organisms within the 
synovial vessels or spread from an adjacent focus of os¬ 
teomyelitis by means of vascular continuity between the 
bone and the synovial membrane/ 9,64 

Umbilical infection is the classically described origin 
of the problem, but this should not be considered an 
exclusive route of infection. The disease may be associ¬ 
ated with pneumonia, enteritis, or any other form of sys¬ 
temic infection. Although an affected foal usually has 
concurrent septicemia, systemic involvement may not be 
clinically apparenr. Frequently a traumatic cause 
(stepped on or kicked by the mare) is assumed in affected 
foals. ,K The potentiation of hematogenous infection by 
local trauma has been reported elsewhere. 59 Hcmatogc- 
nously induced septic arthritis has been reported in older 
people, and concurrent medical illnesses are observed in 
most patients/** Most patients also show evidence of 
joint damage prior to the development of septic arthritis. 


These authors also cited hematogenous spread in 33 to 
86% of patients and evidence of direct injury to the joint 
in 14 to 71 % of patients when they reviewed other stud¬ 
ies. 76 Osteomyelitis and infective arthritis have been rec¬ 
ognized as a complication of Rhodococcus equi infection 
in foals. 51 In a study of 18 cases of R. cqui infection, 9 
foals (50%) had cutaneous or musculoskeletal abnor¬ 
malities in addition to the typical clinical signs of respira¬ 
tory disease in the development of pulmonary absccssa- 
tion. In two instances there was osteomyelitis of the 
physis. 51 Intrauterine infection can occur. 1 * In many in¬ 
stances, osteomyelitis of the adjacent epiphysis or me- 
taphysis is the primary localizing focus. Other influences 
may increase trie incidence of infective arthritis in foals; 
a good example is complete or partial failure of passive 
transfer of immunoglobulins. It has been suggested that 
decreased acidity in the stomach of the newborn may 
allow escape of organisms usually destroyed into the 
lower gastrointestinal tract, and systemic invasion may 
then occur. In addition, both mycoplasma and chlamyd¬ 
ial infections have also been associated with polyarthritis 
in foals. 411 * 46 

Bacteria in the bloodstream gain access more readily 
to synovial fluid than to spinal fluid, aqueous humor, or 
urine. 4 It has been suggested that the configuration of 
the capillary tufts in the synovial membrane favor en¬ 
trapment or organisms. 4 These factors may promote the 
establishment of infection within the synovial membrane 
of the foal. 

Direct trauma is a common cause of infective arthritis 
in older animals. Direct penetration of the joint is the 
usual event but is not essential. Tissue destruction and 
cellulitis in the region of the joint can lead to an open 
joint and infective arthritis. The elbow is a good exam¬ 
ple, where absence of muscular tissue on the lateral as¬ 
pect of the joint leaves it poorly protected. 1 Various 
factors may dictate the establishment of infection after 
such a penetrating wound. Penetrating wounds with sub¬ 
sequent infective arthritis are associated with retained 
foreign material in people. ' In a retrospective study of 
open joint injuries at Colorado State University, 16 
horses were euthanized on the dav of admission; of the 
horses treated, 53% that were examined within the first 
24 hours developed septic arthritis, and the overall sur¬ 
vival was 65%. Ninety-two percent of horses examined 
within 2 to 7 days of injury developed septic arthritis, 
with 38.5% surviving. All horses evaluated a week or 
more after joint injury had septic arthritis, and 50% sur¬ 
vived. Horses examined more than 24 hours after injury 
had a significantly higher chance of developing septic 
arthritis and thus were significantly less likely to survive 
the injury. 22 However, the one significant risk factor for 
establishment of infective arthritis was failure to initiate 
antibiotic therapy within 24 hours of the penetrating in¬ 
jury. Common organisms involved in septic arthritis due 
to trauma or a penetrating injury include Streptococcus 
spp., Staphylococcus spp., E. coli, and anaerobes. With 
iatrogenic septic arthritis, intraarticular injection or sur¬ 
gical procedures are the inciting cause. Staphylococcus 
spp. arc the most likely organisms. In one study in 15 
Standardbreds, 86% of the isolates were staphylo¬ 
cocci. 11 In a study of 43 children with 45 hip joint infec¬ 
tions, concomitant osteomyelitis in the proximal femur 
produced a worse prognosis than if the infection was 
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confined to the synovium of the hip. In addition, patients 
whose hips were infected with Staphylococcus aureus 
were more likely to have a poor prognosis than those 
whose hips were infected with another organism. Almost 
all children who were treated within 4 days of symptoms 
had a satisfactory outcome. 2 

Epidemiology 

Predisposing conditions have been identified for infee- 
rive arthritis. Hypogammaglobulinemia, from either ge¬ 
netic defects or failure of passive transfer, is associated 
with a higher risk of infection with both common and 
uncommon pathogens in the young/ Approximately 
one-third of children with osteomyelitis or infective ar¬ 
thritis have deficiencies in IgA and IgG. Patients with 
rheumatoid arthritis have a significantly increased risk 
of secondary joint infection, and rheumatoid arthritis is 
associated with approximately 50% of human cases of 
infective arthritis / 4 Rheumatoid and other immunologic 
arthritides are rare in the horse, and this association has 
not been reported. Systemic sepsis is a risk factor for 
bone or joint infection. Foals with higher sepsis scores 
have more joint infections.'** Trauma also predisposes 
to infection. 

The incidence of infection varies for each joint. In 
one study in horses, the tarsocrural joint w r as the most 
commonly affected (34%), followed by the fetlock 
(20%), carpus (18%), and stifle (9%). 61 

Isolates in the various syndromes of infective arthritis 
are discussed above. In a study of 233 horses w-ith mus¬ 
culoskeletal infection (including septic arthritis/tenosyn¬ 
ovitis or osteomyelitis that developed after fracture re¬ 
pair), Enterohacteriaceae (28.8%) were the most 
common bacterial group isolated, followed by non-beta- 
hcmolytic streptococci (13%), coagulasc-positive staph¬ 
ylococci (11%), beta-hemolytic streptococci (9.4%), and 
coagulase-negative staphylococci (7.3%). The remainder 
of the organisms were other gram-negatives (15.8%), 
other gram-positives (2.3%), and miscellaneous 
(2.6%). With iatrogenic infection. Staphylococcus spp. 
were isolated in 69 and 86% in two studies, respec¬ 
tively. 3 Gram-negative organisms were isolated from 
92.5% of joint cultures from foals, and £. coli was iso¬ 
lated from 27% of foals. 61 Anaerobes w f ere isolated in 
10.3% of all equine cases and 26.3% of infections 
caused by wounds. Figures vary in the percentage of 
cases having no bacterial growth, but in four studies, the 
no-growth percentages were 7, 11 27, 61 31, ^ and 45%/ 7 

Pathobiology 

Bacterial colonization of the synovial membrane 
causes an inflammatory reaction and will vary in inten¬ 
sity. However, in general, it represents the most severe 
form of synovitis we see in the horse. Inflammation may 
range from mild changes with cellular infiltration to ne¬ 
crosis of the synovial membrane and formation of exten¬ 
sive fibrinopurulcnt exudation. Thrombosis of the syno¬ 
vial membrane and necrosis and pannus formation 
results in markedly disturbed function in the joint. Of 
equal or more significance is the release of various media¬ 
tors potentially destructive to the articular cartilage. Or¬ 
ganisms vary in their aggressiveness and colonization of 
the synovial membrane. With 5. aureus, an accessory 



Flgur* 7.72 Severe toss of articular cartilage in right fetlock 
joint In a case of infective arthritis that did not respond to 
treatment 


f ;ene regulator (collagen adhesion gene) influences viru- 
encc. 1 - 4 Organisms with an inactivated copy of the 
chromosomal collagen adhesion gene produced a 27% 
infection rate, and those with a functional chromosomal 
collagen adhesion gene produced a 70% joint infection 
rate in a murine model of arthritis/* On the surface of 
S. aureus, collagen receptors that mediate bacterial ad¬ 
herence to cartilage can be blocked w ith receptor-specific 
antibodies. 1 

Articular cartilage degradation can occur rather 
quickly in many models of joint infection (Fig. 7.72). 
However, grossly visible articular cartilage degradation 
is nor apparent in most equine infective arthritis models 
or clinical cases of equine infective arthritis at the time 
of initial assessment. 6 ’ Collagen loss is a prerequisite for 
visible cartilage destruction/”'* Loss of GAGs and pro¬ 
teoglycans from the matrix precedes this loss of collagen. 
Within 48 hours of infection, 40% of the GAGs can be 
lost from the articular cartilage, and by 3 weeks, 50% 
of the collagen. 6 The staphylococcal proteoglycan-re¬ 
leasing factor has been found in the bacterial growth 
medium of cartilage cultures.” The authors felt that 
staphylococci or a staphylococcal filtrate could induce 
rapid proteoglycan loss from viable articular cartilage in 
a manner analogous to that seen w ith bacterial lire or 
polysaccharide catabolin and other mediators of car¬ 
tilage degradation. In an in vitro study evaluating the 
effect of synovial membrane infection on equine synovio¬ 
cytes and chondrocytes, IL-1 ft and IL-6 were signifi¬ 
cantly increased in synovium ex plants incubated with 
S. aureus or infected-filtered media (collected from the 
infected group and filtered). In addition, proteoglycan 
synthesis and total GAG and chondroitin sulfate concen¬ 
trations were significantly lower in cartilage from the 
infected-filtered group. The study emphasized the role 
of synovium in the pathogenesis of septic arthritis. The 
concentration of HA was also lower with synovial infec¬ 
tion and in normal synoviocytes exposed to conditioned 
medium and in conditioned synoviocytes released in in¬ 
flammatory mediators that contributed to articular carti¬ 
lage degeneration/ 5 Factors capable of causing degrada¬ 
tion include neutral metalloproteinases, PGE^, free 
radicals, and cytokines (particularly IL-1). These media- 
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tors are discussed above, but joint sepsis induces the 
highest level of such mediators. In addition to direct en¬ 
zymatic destruction, it has been suggested that this colla¬ 
gen loss is associated with mechanical wear on vulnera¬ 
ble collagen, and the increased wear that is observed in 
contact areas of the joint supports this idea. 

Other factors such as joint effusion, intraarticular fi¬ 
brin, and altered cartilage biomechanics contribute to 
the pathobiology of the infective arthritic process. In a 
study with children with hip pain, positional severe in¬ 
creases in intraarticular pressure were correlated with 
pain and the volume of synovial fluid aspirated.* N Using 
nuclear scintigraphy, edema of the physis evident in 
joints with high intraarticular pressure was relieved with 
joint fluid aspiration, 28 More recently, it was shown that 
increased intraarticular pressure induced by the intraar¬ 
ticular injection of synov ial fluids in horses significantly 
reduced blood flow to the synovial membrane and fi¬ 
brous layer of the joint capsule, 2 * Such ischemia to artic¬ 
ular soft tissues and subchondral hone can further dam¬ 
age the joint. 

Clinical Signs and Diagnosis 

The clinical signs of infective arthritis include severe 
lameness, swelling, effusion plus thickening and edema, 
and pain on manipulation (Fig. 7.73). Although there 



Figure 7.73 Non-weight-bearing lameness and swelling over 
the coronary band in a case of infective arthritis of the coffin joint 



Figure 7.74 Increased joint space in distal interphalangeal joint 
associated with earty infective arthntts. 


may he obvious and severe periarticular swelling in some 
traumatic entities, edema is more typical of sepsis. 

Radiographically, osteomyelitis is often identified in 
foals. For this reason, radiographs should be routinely 
made. Osteomyelitis has been reported in 50 to 80% of 
foal cases. 1 *■*'‘ UK Osteomyelitis is uncommon in adult 
horses, hut fractures associated with trauma may occur, 
and removal of these fragments may be required to elimi¬ 
nate infection. Joint space narrowing due to loss of carti¬ 
lage will only be apparent in long-term cases (with the 
exception of a severe o&teoarthrmc joint in which infec¬ 
tion develops). In retrospective examination of adult 
horses treated for joint infection, few developed OA. 
However, in some joints, a sequence is seen of increased 
joint space early (Fig. 7.74) followed by decreased joint 
space with development of subchondral lysis and periar¬ 
ticular proliferation (Fig. 7.75). 

Synovial fluid analysis is a significant diagnostic aid, 
often allowing a definitive diagnosis (Fig. 7.76). Changes 
include gross appearance (cloudy, purulent, sometimes 
hemorrhagic) (Fig. 7.77), decreased viscosity, and in¬ 
creased white cell count to above 30,000/mm 1 (usually 
100,000/mm 3 ) with more than 95% neutrophils. The 
protein generally increases to above 4 g/dL, and the pH 
is decreased. The sequential clinical and synovial fluid 
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Figure 7.75 Radiographs of carpal joint with septic arthritis, 
showing a sequence of changes A. Early periosteal proliferation. 
B Loss of midcarpal (intercarpa!) joint space with articular 


cartilage lysis. C and D Extensive pehosteal reaction and irregular 
widening of joint space in association with subchondral lysis. 
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Figure 7.76 Aspiration of turbid synovial fluid in a case of 
infective arthritis. 


Figure 7.77 Cloudy turbid synovial fluid typical of infective 
arthritis 


changes associated with acute infective arthritis in the 
horse were outlined by Tulamo et al." 4 In this study, 
high, persistent neutrophilia {90% + ) w*as the hallmark 
sign. Generally, counts of 100,000 cells w r ere seen 12 to 
24 hours after induction of septic arthritis. The total 
protein also rises rapidly, and a drop in pH is a good 
indicator. In this study, corticosteroids delayed the onset 
of clinical signs in some horses for up to 3 days (although 
synovial fluid signs were seen earlier). Another study 
found that clinical signs may not reach a maximum until 
10 days after injection. 21 

Culture of the organism is an important part of the 
management of septic arthritis. Synovial fluid culture is 
routine. Synovial membrane biopsies are not done rou¬ 
tinely. In a retrospective report of 64 cases of horses 
w ith suspected infectious arthritis, positive cultures were 
obtained from 55% of the joints. Culturing of synovial 
fluid yielded bacterial growth more often than culturing 
of synovial membrane, and histologic evaluation (hema¬ 
toxylin and eosin [H &c EJ and Gram stain) of synovial 
membrane biopsy specimens provided little information 
to help distinguish infected from culture-negative 
joints. 5 In an experimental study in dogs in which joints 
were inoculated with Staphylococcus intermedius, incu¬ 
bating synovial fluid for 24 hours in blood culture me¬ 


dium w r as significantly more reliable than synovial mem¬ 
brane biopsy or synovial fluid on aerobic culturette. 44 
In the author’s hospital, it is considered critical to use a 
nutrient broth such as brain-heart infusion broth or a 
blood culture medium. Cultures are in a relatively anaer¬ 
obic atmosphere (5% CO>), and we also make use of 
sodium polyanetholesulfonate (SPS) to prevent coagula¬ 
tion and inhibit aminoglycoside and trimethoprim anti¬ 
biotics, as well as complement and lysozyme activity. 
This enhances our success rate of culture, which is ap¬ 
proximately 70%. Both anaerobic and aerobic culture 
methods should be used. Although it has been suggested 
that the use of synovial membrane biopsy can improve 
rhe rate of posirive culture, a critical study of this did 
not reveal such a change. 4 The use of gas liquid chroma¬ 
tography is of potential benefit in obtaining an etiologic 
diagnosis but has not achieved routine use. 

Because the treatment of infective arthritis is an emer¬ 
gency and needs to he started before the results of bacte¬ 
rial culture are available, the clinical signs and synovial 
fluid analysis report are relied on heavily. Variations 
from the usual situation will occur. In foals with polyar¬ 
thritis, the parameters are sometimes less spectacular. In 
one series the WBC count ranged from 4,122 to 
178.000. 75 
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Some joint problems associated with streptococcal or 
corynebacterial infections may be immune-mediated 
synovitis problems rather than infections. ’ 1 This means 
that a foal that presents with pneumonia and polyarthri¬ 
tis with less spectacular WBC counts than with a typical 
septic joint may have an immune-mediated problem. 
Low-grade infections in joints are a problem for diagno¬ 
sis. Focal infection of synovial membrane may manifest 
with very low grade clinical signs, but it is still important 
because the condition can smolder and eventually cause 
severe degenerative changes. There also can be a nonin- 
fcctivc reactive synovitis in a joint adjacent to an area 
of infection such as cellulitis. In these instances, diagnosis 
can be confusing, and joint aspiration runs the risk of 
introducing infection. 

DNA hybridization combined with polymerase chain 
reaction (PCR) has been considered a hopeful new field 
for sensitive and early microbial identification. 62 In a 
recent experimental equine study, PCR was able to detect 
bacteria in equine synovial fluid within 24 hours of inoc¬ 
ulation. 14 MRI is frequently considered the best imaging 
modality to diagnose and anatomically pinpoint most 
soft tissue infections, including septic arthritis. Radionu¬ 
clide imaging is another option. The use of indium-111 
WBC imaging in 39 patients for the evaluation of muscu¬ 
loskeletal sepsis (55 images) resulted in 40 negative and 
50 positive indium-111 WBC images. These were corre¬ 
lated with operative culture and tissue pathology, aspira¬ 
tion culture, and clinical findings. Thirty-eight of the im¬ 
ages were performed to evaluate possible total joint 
sepsis (8 positive and 30 negative images), and 17 to 
evaluate non-arthroplasty-related musculoskeletal sep¬ 
sis (7 positive and 10 negative images). Overall, there 
were 13 true-positive, 39 true-negative, 2 false-positive, 
and 1 false-negative image. It was concluded that in¬ 
dium- 111 WBC imaging is a sensitive and specific means 
of evaluating musculoskeletal sepsis, especially follow¬ 
ing total joint replacement. 11 

Treatment 

Treatment of infective arthritis is designed to 1) elimi¬ 
nate the causative organism(s) and 2) remove the harm¬ 
ful products of synovial inflammation and fibrin that 
can damage the articular cartilage. 11 In types E and P 
septic arthritis in foals, attention must also be paid to 
treating osteomyelitis. 

Potent, broad-spectrum antibiotic regimens should be 
used before culture results are available. Systemic antibi¬ 
otic therapy is always practiced. Penici11 in/gcntamicin in 
combination, cephalosporins, amikacin, and trimetho¬ 
prim-sulfa combinations are the most commonly used. 
New data provide evidence indicating that allowing anti¬ 
microbial concentrations to decrease below the minimal 


inhibitory concentration (MIC) will cause the bacterial 
population to become more susceptible to the antimicro¬ 
bial drug, and the traditional approach of maintaining 
antimicrobial drug concentrations above the bacteria’s 
MIC for the duration of the interval has been ques¬ 
tioned.^ This has led to less frequent administration of 
drugs such as gentamicin. 

Selection of antibiotics in the initial stage should be 
based on the clinician’s knowledge of the most likely 
pathogen in his or her clinical practice and the likely 
sensitivity. Synovial fluid culture at the time of initial 
presentation, however, is still an important part of the 
treatment. When culture and sensitivity results are 
known, the antibiotic regimen often changes. Continued 
culturing of a sensitive organism after 3 weeks of sys¬ 
temic antibiotic administration has been noted in horses, 
and systemic administration of antibiotics should be con¬ 
tinued for an appropriate time. s It was also noted in a 
study with trimethoprim (5 mg/kg)7sulfadiazine (25 mg/ 
kg) combination that twice-daily administration was 
necessary to maintain an adequate MIC in an experimen¬ 
tally induced septic arthritis model using S. aureus. s The 
author examined the antibiotic sensitivity of equine iso¬ 
lates at Colorado State University over a period of 2 
years (Table 7.2). 42 

Based on retrospective examination of these isolates 
at Colorado State l Iniversity, it was concluded that so¬ 
dium ampicillin, for instance, is not a good drug for use 
in equine septic arthritis cases. Different bacterial iso¬ 
lates and susceptibility patterns will be recognized in 
other institutions. As mentioned above, a study at Flor¬ 
ida in neonates revealed that the predominant organisms 
now are gram negatives (Klebsiella spp., £. co/i. Salmo¬ 
nella spp.), and amikacin-penicillin is the preferred ini¬ 
tial treatment for such organisms. 

In another major study in which bacterial culture and 
susceptibility results were analyzed from 233 horses with 
septic arthritis/tenosynovitis or osteomyelitis that devel¬ 
oped after fracture repair, 424 bacterial types were iso¬ 
lated; 386 were aerobic or facultative, and 38 were an¬ 
aerobic. Enterohacteriaceae (28.8%) were most 
commonly isolated, followed by non-beta-hemolytic 
streptococci (13%), coagulase-positive staphylococci 
(11.8%), beta-hemolytic streptococci (9.4%), and coag- 
ulase-negative staphylococci (7,3%). The remainder of 
the organisms were other gram-negative (15.8%), other 
gram-positive (2.3%), and miscellaneous (2.6%) bac¬ 
teria. 

Penicillin and ampicillin were highly effective against 
beta-hemolytic streptococci but were ineffective against 
other bacteria. Ampicillin was no more effective than 
penicillin against most bacteria. Amikacin was the most 
effective antibiotic against the wide range of bacteria iso- 


Table 7.2 PERCENTAGE OF ISOLATES SUSCEPTIBLE TO AN ANTIDOTE 42 



Penicillin 

Ampicillin 

CephaJothin 

Gentamicin 

TMS 

Streptococcus spp. 

99 

99 

1 Q0 

72 

97 

Salmonella spp. 

0 

83 

100 

100 

100 

ActinobactShjs spp. 

07 

87 

100 

100 

too 

Escherichia coti 

0 

64 

94 

100 

83 

Staphylococcus spp. 

27 

27 

100 

too 

too 
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la ted in the study (highly effective against eoagulase-pos- 
itive staphylococci, Enterobacteriaceae, and Pseudomo¬ 
nas spp. and also effective against coagulase-negative 
staphylococci and Actimtbadllus spp.). Gentamicin was 
not highly effective against any bacterial group but was 
effective against coagulase-positive and -negative staph¬ 
ylococci and Pseudomonas, Salmonella, and Actinobacil- 
lus spp. Ccphalothin was highly effective against beta- 
hemolytic streptococci, coagulase-positive staphylo¬ 
cocci, and ActhtobadUus spp., as well ascoagulase-nega¬ 
tive staphylococci. It is therefore highly useful in iatro¬ 
genic infections. Trimethoprim-sulfonamides were 
highly effective against Actinobadllus spp. and were ef¬ 
fective against coagulase-positive staphylococci, beta-he- 
molytic streptrx'occi, non-beta-hemolytic streptococci, 
and Rhodococcus equt. 

The authors pointed out that because of the narrow 
spectrum of activity of trimethoprim-sulfonamides 
against the common pathogenic organisms, these drugs 
should be used only after culture and susceptibility re¬ 
sults are known. This is most commonly done in clinical 
practice. If we have a sensitive organism, the animal is 
discharged on oral trimethoprim-sulfonamides. Chlor¬ 
amphenicol was effective against a wide range of organ¬ 
isms, but human health hazard precludes its general rec¬ 
ommendation. These authors felt that the combination 
of a cephalosporin and amikacin provided the best cover¬ 
age against the bacteria isolated in this study. These fac¬ 
tors need to be weighed against the risk of antibiotic 
pressure causing major resistance, and as emphasized 
above, these sensitivity patterns do nor necessarily reflect 
sensitivity patterns in other places where there has been 
less antibiotic pressure. 

In a study of the effect of induced synovial inflamma¬ 
tion on pharmacokinetics and synovial concentrations of 
sodium ampicillin and kanamycin sulfate after systemic 
administration in ponies, it was found that antibiotics 
entered the synovial fluid of the inflamed joints more 
quickly and attained higher concentrations than m fluid 
of uninflamed joints. 20 

Antimicrobial concentrations that exceed the in vitro 
MIC for an isolate do not ensure antimicrobial effective¬ 
ness, because the higher bacrerial concentrations that 
often are present in vivo can marked!) decrease antibac¬ 
terial effectiveness (the inoculum effect), and protein 
binding may lower the concentration of active drug. Rec¬ 
ognition of the inoculum effect provides some rationale 
for the use of mtraarricular antibiotics. It was demon¬ 
strated relatively recently rhat a single IA injection of 
gentamicin is more effective in sterilizing a joint than 
systemic gentamicin, joints were experimentally inocu¬ 
lated with K. colt and (with clinical signs present at 24 
hours) subjected to the following treatment regimens: 

1. A single IA injection of 150 mg of gentamicin 

2. Systemic administration of 2.2 mg/kg IV four times 

3. IA, buffered (150 mg) Gcntocin, (3 mg) sodium bi¬ 
carbonate 

In these three groups, the percentage of positive isolates 
24 hours after the commencement of treatment w as 0%, 
80%, and 66%, respectively, 15 Results of a related study 
showed that the mean apparent half-life of gentamicin 
in the synovial fluid after IA administration (259 min¬ 
utes) was 2.8 times longer than that in the plasma after 


IV administration (92 minutes). Also, the mean synovial 
fluid concentration of gentamicin remained w r ell above 
the minima] concentration of gentamicin for many com¬ 
mon equine bacterial pathogens for 24 hours after IA 
administration of gentamicin in any combination. The 
peak mean synovial fluid concentration after IA adminis¬ 
tration of unbuffered gentamicin was significantly higher 
than that after IV administration and significantly lower 
than that after simultaneous IV and IA administration 
(1.828, 2.53, and 5.720 //g/mL, respectively). ' Other 
work has shown that previous concerns about the acidity 
of aminoglycosides causing chemical synovitis are un¬ 
warranted, particularly considering the value of IA ad¬ 
ministration.^’ The use of intraarticuiar antibiotics as a 
supplement to systemic antibiotics is considered appro¬ 
priate. 

The penetration of antibiotics into equine bone (nor¬ 
mal or pathologic) is still poorly understood. 49 Bone ne¬ 
crosis is the crux of the therapeutic problem in the treat¬ 
ment of osteomyelitis, and debridement is necessary. The 
use of regional antibiotic perfusion has also been ex¬ 
plored recently. The antibiotic is delivered under pres¬ 
sure into an infected area via the venous system, and the 
technique would seem applicable to osteomyelitis and/ 
or infective arthritis. s< The antibiotic reaches chronically 
infected tissue by diffusion from the surrounding vascu¬ 
lar tissue. Successful use has been documented with both 
clinical and experimentally induced septic arthritis/ 0 
Guidelines for the number of perfusions and numbers 
with results have yet to be established. 

In addition to antibiotic therapy, some method of 
drainage of an infected joint is important for a number 
of reasons. The presence of a purulent effusion retards 
the action of many antibiotics by decreasing the meta¬ 
bolic rate of the bacteria. 4 ' In addirion, pH values drop 
in septic effusions, and the activity of aminoglycosides 
is reduced significantly with a decrease in pH. The major 
indication for joint drainage is removal of substances 
deleterious ro the articular cartilage. There are various 
opinions on the best methods of treatment and the rela¬ 
tive urgency of using them in both humans and horses. 
There is certainly general agreement that the earlier the 
problem is treated, the better the results. Some authors 
are quite conservative, and one proposed that aspiration 
was therapeutic and arthrotomy was often unnecessary 
in treating acute septic arthritis in children. As early as 
1956, papers advocated more aggressive treatment by 
routine arthrotomy. 82 In a paper published in 1983 on 
septic arthritis of the wrist in 28 patients (29 wTists) w'ho 
w'ere treated with early surgical drainage, parenteral an¬ 
tibiotics, and early motion after surgical decompression 
(5. aureus w r as the most commonly cultured organism), 
the authors noted that of the 10 wrists with a good or 
excellent result, all had had the arthrotomy within 10 
hours after diagnosis and of the 13 with a fair or poor 
result, surgery had been delayed for 16 hours or longer. 
The authors also maintained that the long-term results 
deteriorated in direct proportion to increasing time until 
treatment and the number of procedures performed/ 
At this time the author started using arthrotomy in 
equine septic cases. Another author discussing pyarthro- 
sis of the knee recognized rhat several different methods 
of treatment could be used. However, based on a retro¬ 
spective study of septic arthritis of the knee in which 
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appropriate to use 0.5% povidone iodine or 0.5% chlor* 
hcxidinc.* More recently, the use of 0.05% chlorhexi- 
dine lavage was reported in the tarsocrural joint. 81 Even 
with this low concentration, there was synovial ulcera¬ 
tion, inflammation, and abundant fibrin accumulation, 
and the authors did not recommend using this as a lavage 
solution. s 1 

It was suggested more recently that delayed closure 
(tertiary closure) of the arthrotomy incision obviates 
complications. 62 In this report, 26 horses were treated 
by open drainage with small (3 cm) arthrotomy. All 
horses had lavage, and 24 left the hospital (infection was 
eliminated in 25). The arthrotomy healed by granulation 
in 16 cases and was sutured in 9. Twenty-three horses 
were treated also with intraarricular antibiotics. Partial 
synovectomy may also be performed through an arthro¬ 
tomy. One author talks of using a Sims uterine curct to 
remove synovial membrane. 

As expected, arthroscopic surgery has been used more 
recently to treat infective arthritis in the horse as in hu¬ 
mans. 1 1 Removal of fibrin as well as synovectomy can 
be performed. In an effort to clarify the relative success 
of arthroscopy and partial synovectomy versus arthro¬ 
tomy, an experimental study was done using the S. au¬ 
reus model with evaluation at 14 days. 4 It was shown 
that arthrotomy eliminated joint infection earlier, with 
less lameness and decreased joint circumference. On the 
other hand, there was more joint contamination (ascend¬ 
ing infection': with arthrotomy. The synovectomy in this 
study was done with rongeurs, and a more effective 
means of synovectomy using motorized arthroscopic 
equipment could be expected to make a difference here. 4 
The use of arthroscopic technique certainly has advan¬ 
tages in that it allows superior evaluation of the joint and 
avoids the morbidity of arthrotomy. I feel it is possible to 
remove fibrin in a manner comparable to arthrotomy, 
and I now do arthroscopy on all infected joints but still 
often leave a small arthrotomy hole and implant a drain 
for flushing. 

The use of closed suction drainage in 13 cases of tarso¬ 
crural septic arthritis has also been reported. Eleven of 
the 13 clinical cases also had arthroscopic lavage and 
debridement." 1 A flat, fenestrated (Jackson-Pratt) drain 
was used. The drains were removed on the basis of syno¬ 
vial fluid characteristics at 5 to 26 days. Although ingress 
lavage was also done in some cases, the authors do not 
recommend it because Pseudomonas superinfection de¬ 
veloped in one horse in association with the use of an 
ingress catheter. The authors noted that although ar¬ 
throscopy was not necessary, it facilitated fibrin re¬ 
moval, lavage, and partial synovectomy. 60 The installa¬ 
tion of continuous tube irrigation in the septic knee at 
the time of arthroscopy has also been described for the 
treatment of septic arthritis in humans. 11 Four irrigation 
catheters are placed through stab wounds, and the por¬ 
tals are each closed with a single stitch to prevent leakage 
of the system. An average of 4 1. of normal saline and 
antibiotic solution is used to lavage the joint. The au¬ 
thors recommended large-bore catheters (6.2 mm) to en¬ 
sure a patient-durable system. The implantation of four 
tubes in the joint allows preservation of the irrigation 
circuit if some of the drains become obstructed and re¬ 
quire withdrawal prior to planned discontinuation of the 
system during the week after surgery. Each joint is per¬ 


fused after surgery with an average of 60 ml. of antibiotic 
solution per hour. Inflow and outflow of the closed-cir¬ 
cuit system are carefully monitored. 

New systems are being developed to maintain inrraar- 
ticular concentrations of antibiotics. Alternatives have 
been developed to obviate the need for daily intraarticu- 
lar injections of antibiotics. Polymethyl methacrylate 
beads impregnated with antimicrobials have been used 
for many years in orthopedic surgery. However, the 
beads arc nonabsorbable and removal is necessary to 
avoid the risk of damage to the joint. Different bioabs- 
orbablc polymers have become available. A study was 
recently described in horses that used two biodegradable 
drug-delivery systems for elution of gentamicin and elim¬ 
ination of synovia) membrane infection. The antibiotic- 
impregnated biodegradable drug-delivery system re¬ 
leased more than 500 /xg/ml of active gentamicin for 10 
days. Both antibiotic-impregnated biodegradable deliv¬ 
ery systems eliminated infection wirhin 24 hours. Al¬ 
though this was an in vitro system, the authors also con¬ 
cluded that there were no adverse effects on synovial 
viability or synovial HA production . 11 Regional perfu¬ 
sion with antibiotics has also been used. K * '** 

Adjunctive Medical Treatment 

Adjunctive treatment should include the use of 
NSAIDs (usually phenylbutazone). In an experimental 
study of staphylococcal septic arthriris in a rabbit model 
3 weeks after infection, the combined treatment with 
anti inflammatory drug naproxen sodium and antibiot¬ 
ics reduced the loss of GAG and collagen from the carti¬ 
lage of the infected knee by 15 and 30%, respectively, 
compared with antibiotic treatment alone. Continuing 
treatment with naproxen sodium for 7 weeks reduced 
the loss of collagen by 50% compared with antihioric 
treatment alone. A longer period of treatment with na¬ 
proxen sodium showed little further effect on the loss of 
GAG than was observed after 3 weeks. Treatment with 
this drug and antibiotics reduced swelling of the knee 
and levels of PGE 2 in the synovial fluid and supports the 
hypothesis that decreasing post infectious inflammation 
by adding a NS AID to the standard antibiotic regimen 
reduces cartilage damage from staphylococcal septic ar¬ 
thritis. 66 Recent studies have shown a beneficial effect of 
postoperative intraarricular use of sodium hyaluronate 
(Sullins KE, unpublished data, 1991). Sequential syno¬ 
vial fluid analyses should be done to monitor progression 
of treatment. 

Other general postoperative care consists of close 
physical monitoring, continued systemic antibiotic ad¬ 
ministration, repeated synovial cultures, and aseptic 
cleaning and bandaging of incisions and arthrocenrcsis 
portals. During the early phases of inflammation, joint 
rest is indicated to minimize joint injury and decrease 
pain. In the horse, this usually means intermittent active 
motion such as that afforded by stall rest. Passive range- 
of-motion exercise may be initiated in the early stage 
and might help regain soft tissue flexibility that is lost 
through immobilization and fibrosis of the joint capsule 
and also minimize synovial adhesions. Corticosteroids 
arc a potent anti-inflammatory agent and there is some 
experimental work to justify their use. 14 The effect of 
adding intraarticular corticosteroids to systemic antibi¬ 
otics m experimental septic arthriris was examined in 
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dococcus lung infection. s Lameness was usually mini' 
mat Synovial analysis revealed WBC counts up to 
10,000/mm \ a high mononuclear cell component, and 
protein elevations to 3.4 to 4 mg/d l. Cultures were rou¬ 
tinely negative, and organisms were not observed on his- 
topathology of the synovial membrane. It was postulated 
that the arthropathy in these foals might be immune- 
mediated and that either antibody is attacking the syno¬ 
vial membrane or antigen-antibody complexes are being 
deposited on the synovial membrane and binding com¬ 
plement. The result of this is a transient synovitis. Re¬ 
search is continuing on these horses. The possibility of 
some arthritic problems in foals associated with an aller¬ 
gic response to the presence of an abscess remote from 
the joint and not involved with infection directly had 
been suggested previously. 7 A good example of a similar 
situation is rheumatic fever in humans, a disease primar¬ 
ily of children, which is usually preceded by streptococ¬ 
cal pharyngitis/' 1 Clinical symptoms referable to the 
heart, joints, or CNS may develop from what is thought 
to be an autoimmune reaction triggered by the strepto¬ 
coccal infection. Four cases of immune-media ted polysy¬ 
novitis in four foals were reported in 1988. A syndrome 
of nonerosive sterile arthritis was seen, characterized by 
inflammation of many joints (four to nine) and stiffness. 
The presence of immunoglobulin (fluorescein-labeled 
anticquinc IgG staining) was verified in the synovial 
membrane in three of four foals (antt-IgC staining was 
not attempted in one case). All of the foals had a primary 
disease focus in the thorax (three of four R, eqm pneu¬ 
monia). The one surviving foal was responsive to predni¬ 
sone treatment, 21 * 

Nonerosive, non infectious arthritis is also recognized 
as an important manifestation of a number of chronic 
systemic diseases in the dog and human. 2 7 In a series of 
63 cases of noninfectious, nonerosive arthritis in the dog, 
29 had SLE, 15 had arthritis associated with some 
chronic infectious process (these arc usually monoarticu¬ 
lar or pauciarticular), and 19 had a simitar type of arthri¬ 
tis but without serologic evidence of SLE or any chronic 
infectious disease process. An immune basis is suspected 
in arthritis associated with chronic disease and may be 
associated with circulating immune complexes produced 
secondary to the infectious process. 

Based on the discussion above, one should keep an 
open mind regarding immune-related joint problems in 
the horse. A precedent is obviously created for the exis¬ 
tence of the disease, and more careful examination of 
patients is necessary to determine the incidence properly. 

Congenital Joint Anomalies 

Congenital deformities in joints are not commonly 
encountered in the horse, hut various entities have been 
recognized and are seen occasionally. 

Arthrogryposis 

Arthrogryposis has been defined as a deformity of the 
limbs characterized by curvature of the limbs, multiple 
articular rigidities, and muscle dysplasia. 16 It is probably 
an entity only in superficial terms, being pathologically 


and pathogcnctically diverse. However, some muscular 
dysfunction must be present to fulfill the criteria of the 
disease. In some instances, the primary defect may be in 
the skeletal muscle, but in many and perhaps most cases, 
the primary defect is in the spinal column or cord, and 
the lesions in the muscle are secondary to innervation 
dysfunction. Ir is considered probable that unbalanced 
leverage on the bones of the limb causes the arthro¬ 
gryposis, and the sustained inequalities in tension and 
immobility eventually result in modification of the joint 
capsule and the articular surfaces so that fixation persists 
even after the muscles are severed. In the veterinary liter¬ 
ature it has been classified as a disease of muscle rather 
than joints. 16 

A number of veterinary reports give little attention to 
the status of the muscles, and it is difficult to decide tn 
some instances if true arthrogryposis is the problem. In 
addition, the term has been used by some to include anv 
syndrome or developmental disorder in which there is 
contracture or stiffness of joints. Because of this, we need 
to recognize arthrogryposis-1 ike conditions in addition 
to the true disease. In humans, the classical condition 
of arthrogryposis multiplex congenita is a very specific 
clinical disorder.' It appears to he an environmental 
disease of early pregnancy associated with one of a vari¬ 
ety of unfavorable intrauterine factors, including struc¬ 
tural uterine deformity, vascular abnormality, hormonal 
imbalance, increased pressure, and possible intrauterine 
infection. It is considered that an unknown environmen¬ 
tal agent has probably been present to a significant de¬ 
gree only in recent decades, 3 

Arthrogryposis has been well documented in calves 
and has been associated with heredity, lupine ingestion, 
manganese deficiency, and viral infection. 1 L: Other 
conditions such as cleft palate, scoliosis, and kyphosis 
frequently accompany the condition. 

In a review ol congenital defects of foals, arthro¬ 
gryposis was nor listed. 1 * However, there arc some re¬ 
ports of conditions that appear to he valid to classify as 
arthrogryposis-like, even though details on muscular or 
neural change were not mentioned. 11 Flexion deformities 
of the proximal (pastern) and distal (coffin) interphalan- 
geal joints with ankylosis have been described as a con¬ 
genita) defect in 8 of 26 foals sired by the same An¬ 
glo-Arabian stallion. 2 * There was rigid fixation of the 
two interphalangeal joints in one or both forelinibs. The 
foals could not stand and were destroyed. Another report 
describes ankylosis of joints in foals born from mares 
that had eaten hybrid Sudan grass pasture. Pathologic 
details were lacking in this case also. 

Contracted foals, a syndrome seen in aborted fetuses 
as well as foals and yearlings, is characterized by bilateral 
flexion deformities in the limbs, asymmetric formation 
of the cranium, torticollis, and scoliosis. 11 *' 2 Hypoplasia 
and malformation of the joint articulations are also pres¬ 
ent. Other congenital flexion deformities (contracted 
tendons) observed in foals generally do not have joint 
anomalies, although there has been one report of hypo¬ 
plasia of the distal limb in a case of a unilateral flexion 
deformity. 24 

Abnormal articular ions have been associated with 
flexion deformities of the carpus (dorsal deviation of car¬ 
pal joints). 1 Generally the joint is stiff bur nor deformed. 
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Figure 7.82 Foal with bilateral congenital lateral luxation o< the 
patella The toal was unable to stand 


Bipartite Sesamoid Bones and Tripartite Navicular 
Bones 

A condition typified by what appeared to be congeni¬ 
tal “fractures” occurring bilaterall\ in the proximal sesa¬ 
moid bones in foals and accompanied by any detectable 
heat, pain, swelling, or history of lameness has been men¬ 
tioned by Adams. He recognized this disease as a con¬ 
genital imperfection of the bone and termed it “bipartite 
sesamoids.” Another author has suggested that the le¬ 
sions observed by Adams were prohahb traumatic frac¬ 
tures without reaction,'' but there was no supportive evi¬ 
dence for the statement. We as well as others 2 have 
observed tripartite navicular bones occurring bilaterally, 
and the bilateral nature of this lesion makes it difficult 
to accept it as acquired. 

Tumors 


This condition could be considered arthrogryposis-like 
but should not really be classified as arthrogryposis. 

Lateral Luxation of the Patella 

This condition is usually congenital and may or may 
not be associated with hypoplasia of the lateral trochlear 
ridge of the femur. The term “patella ectopia” has been 
used when there is no hypoplasia of the trochlea. Foals 
present with a typical squatting stance with hip, stifles, 
and hocks in extreme flexion (Fig. 7.82). The parella 
is positioned laterally. The condition can be confirmed 
radiographically. If hypoplasia of the trochlear ridge is 
present, the prognosis is poor. Surgical treatment may 
be attempted in unilateral cases and involves retinacular 
release on the lateral side and an imbrication procedure 
on the medial aspect of the joint. 21 ' It is not recommended 
for bilateral cases. 

Absence (Agenesis) of the Patella 

Absence of the patella has been reported in one case.*^ 

Upward Fixation of the Patella 

Upward fixation of the patella is mentioned here be¬ 
cause it is considered to have an hereditary predisposi¬ 
tion brought about by long, straight-limbed conforma¬ 
tion. 1 However, other factors arc also implicated in the 
condition, and it may he seen secondarily to coxofemoral 
luxation. These are discussed more fully in Chapter 8. 

Hip Dysplasia 

Hip dysplasia has been reported as a well-defined syn¬ 
drome in the Norwegian Dole. 1 " There have also been 
single case reports in a Shetland pony colt, 22 a Standard- 
bred colt, 15 and an Andalusian-Arabian crossbred 
filly. 35 The Shetland pony colt presented w ith flattening 
of the acetabulum in the femoral head, a lack of femoral 
neck angulation, and secondary' osteoarthritis* change. 
These osteoarthritis* lesions progressed in follow-up ra¬ 
diographs. The disease in the crossbred filly was rypified 
by point laxity and secondary DJD. H In the normal norse 
population this disease appears to be rare. 


Tumors associated with joints in the horse are very 
uncommon. Chondrosarcoma of a metatarsophalangeal 
joint has been reported. ’" The case occurred in a 4-year- 
old Arabian mare that presented slightb lame, with a 
swollen joint. There was bone resorption in both the 
distal end of the third metatarsal bone and the proximal 
end of the proximal phalanx, wirhout bony prolifera¬ 
tion. Pathologically, the mass invaded bone, and smaller 
masses were distributed along the synovi.il membrane of 
the joint itself. The origin of the tumor was uncertain, 
hut such tumors can arise in soft tissues in well as carti¬ 
lage or bone. The articular cartilage was normal. The 
tumor was slow growing, and there were no metastases. 

Metastatic melanoma involving the elbow and shoul¬ 
der joint has been reported in a horse. 1 he horse was 
generally affected with the melanoma but did present 
clinically as a lameness problem. 

I have encountered a case of fibroma associated with 
the femoropatellar joint. The horse exhibited a hard 
swelling proximal to the patella within the quadriceps 
femoris muscle that was progressing in si/e. Surgical re¬ 
moval of the fibroma involved entering the femoropatel¬ 
lar joint space and rcsectioning the distal end of the 
tumor from the joint capsule (Fig. 7.83). A hematoma 
of the synovial membrane within the fetlock joint has 



Figure 7.83 Surgical exposure of a fibroma assoc alec with the 
femoropatellar joint capsule. 
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Figure 7.84 Swelling of fetlock associated with a hematoma of 
the synovial membrane. 


also been encountered. Both lameness and local swelling 
were present. The lesion appeared as a spherical mass 
within the metacarpophalangeal joint, and treatment in¬ 
volved removal of synovial membrane involving the 
tumor {Fig. 7.84). 

Another condition that could be considered a joint- 
associated tumor is tumoral calcinosis {calcinosis cir¬ 
cumscripta). This condition commonly occurs in associa¬ 
tion with the femorotibial joint, hut it is occasionally 
reported elsewhere. The condition is characterized by 
formation of one or more hard, circumscribed, subcuta¬ 
neous swellings and is typically found over the lateral 
surface of the crus {gaskin), close to the femorotibial 
joint.Lameness is not usually present. Caudal-cranial 
radiographs demonstrate the lesion as a distinctly encap¬ 
sulated mass of soft tissue density irregularly infiltrated 
with small, highly radiopaque amorphous granules. The 
lesion tends to lie beneath the aponeurosis of the biceps 
femoris or the lateral fascia of the leg.* In some cases, 
the swellings arc well demarcated and easily dissected 
from the surrounding structures. In others, however, the 
lesions involve the joint capsule of the femorotibial artic¬ 
ulation so that entry into the joint is required for com¬ 
plete removal of the mass. This surgery has resulted in 
some deleterious outcomes. 3 If the condition is not caus¬ 


ing a real clinical problem, conservative treatment 
should he considered. The etiology of the condition is 
not know T n. 
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DISEASES AMD PROBLEMS OF TENDONS, 
LIGAMENTS, AND TENDON SHEATHS 

The areas covered in this section include the anatomy 
and physiology of tendons and ligaments, developmental 
and traumatic problems of tendons and ligaments, and 
conditions of rendnn sheaths. In the section on develop¬ 
mental problems of tendons and ligaments, wc discuss 
limb deformities that have been classically attributed to, 
and called, tendon defects (c.g., contracted tendons). As 
explained, the pathogenesis is nor necessarily a primary 
problem of the tendon, but for reasons of both conve¬ 
nience and convention, they are discussed in this section. 

Anatomy and Physiology 

Tendon Structure 

A tendon is a dense band of fibrous connective tissue 
rhat acts as an intermediary in the attachment of muscle 
to bone, l igaments are similar bands of dense connective 
tissue that connect bones. Tendons are composed of 
dense, regular connective tissue and have a specific ar¬ 
rangement that reflects the mechanical requirements of 
this tissue.*' Mammalian rendons consist of longitude 
nally arranged unirs termed fascicles (100 to 300 /zg in 
diameter), which in turn arc composed of collagen fibrils 
(type I collagen) within a matrix of proteoglycans, glyco¬ 
proteins, clastic fibers, ions, and water. Fibroblasts (ten- 
oblasts) are arranged in long parallel rows in the spaces 
between the collagenous bundles. The basic unit of ten¬ 
don structure, the primary tendon bundle, may be de¬ 
fined as coherent bundles of collagenous fibrils lying be¬ 
tween rows of fibroblasts and encircled by their 
anastomosing processes."** These primary bundles group 
into secondary bundles or fascicles, and these in turn 
arc aggregated into larger tertiary tendon bundles. The 
collagenous fibrils within a primary bundle are arranged 
in a parallel manner but follow a helical course along 
the length of the tendon.*" 

Collagen fibrils are rhe fundamental units of tensile 
strength in the tendon and arc cylindrical structures com¬ 
posed of mainly type I collagen molecules in a specific 
axial and lateral arrangement. 1 '* The fibrils follow a 
planar zigzag waveform along the longitudinal axis of 
the tendon, which is termed the “crimp."*** Crimp is a 
feather of the fibril bundles rather than isolated fibrils. 
It is quantified by the crimp angle and crimp length, 
measured at the level of the fascicle by use of polarizing 
optics. Collagen fibers are submicroscopic units be¬ 


lieved to be at least several millimeters long. It bax been 
stated that the strength of the collagen fibril is deter¬ 
mined by intermolccular cross-links between the colla¬ 
gen molecules within the fibril. 1 1 They also may be classi¬ 
fied as “large" or “small” din merer in equine digital 
flexor tendons. 1 * tl ' 1 * 1 A diameter-area distribution has 
been derived from the diameter-frequency distribution 
for a collagen fibril population. 1 * 1 The mass-average di¬ 
ameter (MAD) is effectively the mean of this distribution 
and is correlated positively with overall tendon 
strength . 149,1 S2 

Knowledge of the biochemistry of tendon, in the horse 
at least, has lagged behind biochemical knowledge of 
articular cartilage. It is known that tendons are com¬ 
posed predominantly of extracellular matrix in which 
the major structural protein is type I collagen fibrils. 
However, a number of noncoilagenous proteins have at¬ 
tracted interest recently because of their interactions 
with the fibrillar collagen network, other matrix compo¬ 
nents, and tcnocytes. 1 x4 Proteoglycans, including ag- 
grccan, deconn, biglvcan, and fibromodulin, have been 
investigated in tendon. 214,214j Noncoltagcnous extracel¬ 
lular matrix is not homogeneous along the rend< >n, which 
is presumed to reflect the different biomechanical envi¬ 
ronments experienced in different regions of the tendon. 
Aggrccan is characteristic of the pressure-resisting ma¬ 
trix of articular cartilage predominating in the com¬ 
pressed region of rendons where they pass over bony 
prominences. On the other hand, the small proteogly¬ 
cans (especially deconn) are the major proteoglycans of 
a rcnsional tendon. The proteoglycans constitute o nly a 
small proportion of the noncoltagcnous proteins in ten¬ 
dons and ligaments, and most or the other noncollage- 
nous proteins are still unknown. 1 * 1 One noncoUagenous 
glycoprotein, cartilage oligomeric matrix protein 
(COMP), has been shown to he a constituent of tendon 
extracellular matrix. W, * -,S4 Recent work by Smith ct al. 
suggests that COMP is synthesized in response to load 
and is necessary for tendon to resist, load. 

It is generally accepted that ligaments, tendons, and 
fascia are similar histologically, and they are commonly 
grouped inro a family of “dense, regularly arranged con¬ 
nective tissue." However, some work in the rabbit has 
demonstrated some differences between tendon and liga¬ 
ment. 4-1 The findings suggest that ligaments are more 
metabolically active than tendons, with plumper cellular 
nuclei, higher DNA content, more reducible cross links, 
and more type III collagen than tendons. Both tendons 
and ligaments contain the reducible collagen cross-links 
dihydroxylysinonorleucine (DHLNL), hydroxylysino- 
norleucine (HTNl.) and hisridinohydroxymerodesmo 
sine (HHMD). Ligamentous tissues contain higher 
concentrations of DIILNL than of HLNL. Tendon fibro¬ 
blasts do not contribute clinically to tendon strength, but 
their viability is of paramount importance to the mainte¬ 
nance of this strength. The tendon, a dynamic structure, 
renews its collagen. As fibrils are broken down, the fibro¬ 
blasts replace them. 

Structures Associated With Tendons 

Consisting of trabeculae of loose connective tissue, 
the endotendon lies between the tendon bundles and car¬ 
ries vessels, nerves, and lymphatics. The endotendon is 
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Figure 7.85 Diagram of tendons and their relationship to 
para tendon (paratenon) and tendon sheaths. 


an extension of the epitendon (or peruendon), a delicate 
layer of loose connective tissue that closely invests the 
tendon surface (Fie. 7.85). Outside the epitendon the 
tendon is either enclosed by a sheath of the loose vascular 
connective tissue of the paratendon or, where a change 
of direction or increased friction occurs, a tendon sheath 
(Fig. 7.85). The paratendon is elastic and pliable, with 
long fibers that allow the tendon to move back and 
forth. 74125 

The tendon sheath is comparable to the joint capsule, 
with an outer fibrous sheath and an inner synovial mem¬ 
brane, The synovial lining is folded around the tendon 
so that parietal and visceral layers can be distinguished, 
and the two layers are continuous along a fold called 
the “mesotenon” or “mesotendon.” The presence of a 
mesotendon is apparently not always consistent. 222 
Using the digital flexor tendons as an example of the 
relative position of these structures, as the tendons pass 
through the carpal canal, they are enveloped in a tendon 
sheath with a mesotendon present. Distal to the carpal 
canal in the midmetacarpus, the tendon is surrounded by 
paratendon. The tendon then enters the digital synovial 
sheath where there is reportedly no mesotendon, but the 
DDF tendon has a distal vinculum (band) at the level of 
the pastern joint, 190 

Anular ligaments, or retinacula, are strong fibrous 
bands that act to maintain the tendon in its correct posi¬ 


tion when it passes over surfaces that could cause it to 
change position or “bow-string” (Fig. 7.85). 175 

Blood Supply to Tendons 

A tendon may receive blood from four sources: the 
muscle or bone to which the tendon is attached, a meso¬ 
tendon or vinculum within a synovial sheath, and the 
paratendon, if no sheath exists. The muscle and bone 
only supply the proximal and distal 25% of the tendon 
with blood, and the paratendon can be assumed to play 
an important role. 2 “ Observations made in the equine 
forelimb indicate that proximally and distally, the super¬ 
ficial digital flexor (SDF) tendons and DDF tendons re¬ 
ceive vessels from their muscles and periosteal insertions, 
respectively. Within the carpal sheath, the primary 
branches of the median artery supply the surfaces of 
these tendons via the mesotendon, and other branches 
run parallel to the flexor tendons into the metacarpus. 222 
Between the carpal and digital sheaths the tendons are 
surrounded by the paratendon, from which vessels enter 
the tendon. In the digital sheath, the SDF tendon receives 
blood caudaliy from vessels passing through the anular 
ligament of the fetlock and dorsally from vessels arising 
from the common digital artery that travel on the surface 
of the tendon and the digital sheath. Similarly, vessels 
from the digital artery supply the superficial flexor ten¬ 
don distal to the fetlock, but there is no anastomosis 
between these two groups of vessels. 182 The deep flexor 
tendon is supplied proximally within the digital sheath 
by branches from the medial palmar artery (common 
palmar digital a. Ill) and is supplied distally by a vincu¬ 
lum. Regions of decreased vascularity have been found 
in the flexor tendons and related to a predisposition to 
degenerative change. 55 

Mechanical Properties of Tendons 

Tendons possess great tensile strength and have low 
extensibility. In mechanical terms, the tendon serves pri¬ 
marily as a force transmitter. Other mechanical func¬ 
tions more recently attributed to tendons include that of 
a dynamic amplifier during rapid muscle contraction, an 
elastic energy store, and a force attenuator during rapid 
and unexpected movement. 50 

In uniaxial tension, the tendon initially appears highly 
compliant, but on further extension, there is a stiffcr re¬ 
gion of response (Fig. 7.86). This transition is considered 
to correspond to the disappearance of the waveform on 
the surface of the tendon and occurs at approximately 
3% extension. Within this elastic range the waveform 
reappears on removal of the force. Unwinding of the 
helices is also considered to occur in this zone. Beyond 
this initial elastic phase, the mechanical characteristics 
of the tendon change and possess viscoelastic properties, 
and apparently irreversible structural changes take 
place. ** 95,222 Under constant load the tendon extends 
progressively with time (creep) (Fig. 7.86). It is consid¬ 
ered that these viscoelastic changes do not occur in the 
primary tendon bundles but in the adjacent ground sub¬ 
stance. and they are not a property of the collagen it¬ 
self. 19 ^ 

In the typical nonlinear stress-strain curve the tendon 
demonstrates when mechanically tested in vitro, 52 the 
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gions. The results of this study supported previous evi¬ 
dence that galloping exercise modifies normal age- 
related changes in crimp morphology in the core of the 
SDK tendon. The authors concluded that such changes 
indicate microtrauma and would be detrimental for ten¬ 
don strength. As this is an area of problems with clinical 
tendinitis, the authors felt that training regimens that 
do not adversely affect central region crimp morphology 
would help to prevent tendinitis. In untrained horses, a 
crimp angle that is significantly lower in the tendon core 
than in the periphery has been observed only in animals 
age 10 years or more. 11 Lower crimp angles in the ten¬ 
don core of exercised younger horses are suggested to 
represent acceleration of collagen fibril fatigue induced 
by the rapid high-strain cycles during galloping. 

Patterson-Kane and co-workers have also looked at 
the MAD. The MAD for core regions of Thoroughbred 
superficial digital flexor (SDF) tendon was reduced sig¬ 
nificantly m response to a specific 18-month training 
program. n * This was considered to be attributable to 
breakdown of larger-diameter fibrils, resulting in weak¬ 
ening of the tendon structure in this region. On the other 
hand, the MAD from the central region of the suspensory 
ligament in trained horses did not differ significantly 
from that of control horses. Similarly, in the DDF tendon 
there was no difference in central or peripheral regions 
between trained and control group horses. It was felt 
in this study 1 52 that the suspensory ligament and DDF 
tendon did not undergo significant changes in the ultra- 
structure of the tensile units in response to training, 
whereas the SDFT had evidence of microtrauma, which 
may indicate preferential loading of the SDFT at a 
gallop. 

Postmortem examination of apparently normal 
equine flexor tendons has revealed an abnormal macro¬ 
scopic appearance in the central core, characterized by a 
reddish discoloration." Physical damage to the collagen 
fibers in this area has been demonstrated (tendinitis usu¬ 
ally occurs in the central core of the mid metacarpal re¬ 
gion also). Biochemical analysis of the extracellular ma¬ 
trix in these “degenerativeareas demonstrates an 
increase in total sulfated GAG content, an increase in 
the proportion of type III collagen, and a decrease in 
collagen-linked fluorescence in the central core of “de¬ 
generated” tendons relative to tissue from the peripheral 
region of the same tendon and also central regions of 
“normal” tendon. 21 Dry matter content and total colla¬ 
gen content were not significantly different between ten¬ 
don zones or normal and “degenerated” tendons. The 
authors felt that these changes suggest a change in cell 
metabolism and matrix turnover in the central core of 
the tendon that could represent an early healing response 
by the cells that is initiated as a result of microdamage 
to the matrix. There were, however, differences from 
other scar tissue and ligament; for example, the levels 
of hydroxylysyl pyridinolone were unchanged in both 
peripheral and central zone tissue of degenerate tendon, 
while in ligament there are lower levels of this mature 
cross-link after injury. Immature reducible cross-link 
was present at only low levels, suggesting that increased 
collagen turnover is occurring over a longer time course 
than that expected during gross tendon injury. Previ¬ 
ously, the first author also found no difference in matrix 
composition between central and peripheral zones of su¬ 


perficial digital flexor tendon in young, unexercised 
horses. Stimulus for this increased collagen turnover, 
type HI collagen deposition, and GAG synthesis is un¬ 
clear but could be associated with change in biochemical 
environment such as oxygen tension or hypothermia as 
a result of repetitive loading cycles. It is anticipated that 
this observed macroscopic change in the tendon could 
result in a loss of mechanical integrity of the core of the 
tendon. * 

Response to Injury and Tendon Healing 

Both extrinsic and intrinsic components can He in¬ 
volved in tendon healing. When the tendon was consid¬ 
ered an inert, almost avascular structure with little po¬ 
tential for repair, healing was thought to take place solely 
by ingrowth of fibroblasts and capillaries from the peri¬ 
tendinous tissues. While this extrinsic healing is an im¬ 
portant and major component (or possibly an exclusive 
component with severe disruption of an equine tendon), 
intrinsic repair does exist, and the potential for intrinsic 
repair of tendons has been recognized. 1 ' It would seem 
that endotendon cells can function as active fibroblasts. 
Maximization of the intrinsic healing and minimization 
of extrinsic healing will potentially lead to fewer prob¬ 
lems with peritendinous adhesions. 

As with wound healing elsewhere in the body, tendon 
healing begins with an inflammatory reaction. There is 
ourpouring of fibrin and inflammatory cells propor¬ 
tional to the size of the wound and the amount of 
trauma. “'* Fibroplasia is influenced by the inflammatory 
reaction. If there is traumatized, ischemic tissue with for¬ 
eign material, a greater inflammatory reaction occurs, 
which is a significant stimulus for formation of excessive 
granulation tissue and collagen deposition. h>1 

The contribution of capillaries from the para tendon 
is important in tendon healing, H They contribute oxy¬ 
gen for cellular survival and hydroxy la t ton of prolinc 
during synthesis of collagen, deliver inflammatory cells 
for removal of debris ana suture, and supply the amino 
acids essential for protein synthesis. However, the ten¬ 
don can and does contribute significantly to its own heal¬ 
ing. This was demonstrated by isolating segments of sev¬ 
ered tendons from their blood supply, repairing them, 
and placing them in intact tendon sheaths bathed only 
by synovial fluid. 101 The cells of tendons treated in this 
manner survive, except for those in the center. The cpi- 
tendon, as well as the endotendon, becomes hyperplastic. 
The fibroblasts can then effect primary repair. Unfortu¬ 
nately, most tendon injuries in the horse involve loss of 
tendinous tissue as well as contamination, and primary 
intrinsic repair is overshadowed by an extensive response 
from the peritendinous tissues. This response causes peri¬ 
tendinous fibroplasia and adhesions in addition to ten¬ 
don healing ana precludes restoration of normal gliding 
function. 

While limited passive motion aids in longitudinal ori¬ 
entation of collagenous fibrils and bundle formation in 
tendon repair, more severe active motion inhibits early 
repair of the tendon. 101,1 4 This situation constitutes the 
major dilemma in the management of equine tendon in¬ 
juries. Work in dogs showing that early controlled pas¬ 
sive motion stimulated an intrinsic healing response in 
a clinically relevant tendon-repair model supports the 
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idea of early controlled motion,** The gliding surface 
was restored at an early stage, and the tendon healed 
more rapidly than in immobilized repairs. 

Developmental Problems in Tendons and 
Ligaments 

Flaccidity or Weakness of Flexor Tendons in Foals 

In its mildest form, flaccidity or weakness of flexor 
tendons is a common condition in newborn foals, gener* 
ally affecting only the hindlimbs, hut sometimes all four 
limbs. It usually corrects itself spontaneously and can 
almosr be considered a physiologic variant rather than a 
disease. However, the problem has been associated with 
systemic illness or lack of exercise. The affected foals 
walk on the palmar (plantar) part of the hoof and do 
not bear weight on the toe (Fig. 7.87). They essentially 
rock back on the bulbs of the heel. 

In foals that do not correct themselves within 1 to 2 
weeks, the treatment involves corrective trimming and 
exercise. The heels are trimmed to eliminate the “rocker" 
effect and to provide a flat weight-hearing surface 1 
(Fig. 7.88). The toes should not lx* trimmed. The use of 
protective bandages or casts will exacerbate the tendon 
weakness. In more severely affected foals, a smalt exten- 



Figure 7.87 Flaccid flexor tendons in a loal The feet have 
been trimmed. The problem resolved in a short time 



Figure 7.88 Diagram of trimming for flaccid tendons 


sion shoe with a t.5-inch heel extension should be at¬ 
tached to the foot. The use of plywood or polyvinyl chlo¬ 
ride (PVC) pipe attached with wiring or acrylic cement 
has been described.A small metal plate or a door hinge 
applied with adhesive tape can also work. When the 
rounded portion of the hinge is at the back, a raised- 
heel effect is also obtained. Wotxlen tongue depressors 
applied w ith adhesive tape can be used in neonatal foals. 
Application of extension shoes are more problematic in 
the front limbs but are rarely needed here. 

Digital Hyperextension in Foals 

Digital hyperextension is apparent at birth or shortly 
after and is characterized by extreme extension (dorsi- 
flexion) of the interphalangeal joints. 5 * It is a rare condi¬ 
tion. It appears as an extreme form of the flaccid tendon 
problem hut must he considered a separate entity. The 
etiology is unkmwn. Electromyographic examinations 
have not demonstrated any pathologic changes in the 
musculature of the flexor group.* ' Severely affected ani¬ 
mals bear w r eight on the palmar or plantar surface of the 
phalanges and sesamoid hones (Fig. 7.89). 

Conservati ve methods of treatment such as the use of 
elongated shoe branches or support bandages are not 
usually successful. A surgical procedure for shortening 
of the superficial and DDF tendons has been described,' 
but results of this surgery are variable. 

As discussed, less severe forms of digital hyperexten¬ 
sion in foals usually resolve spontaneously, although the 
bulbs of the heels may need protection to prevent pres¬ 
sure ulcers developing. In general, farrier treatment con¬ 
sists of trimming the heel to allow a longer base of sup¬ 
port and reduce rocking back in the heels, and in severe 
cases, caudal extensions that could he applied potentially 
by taping, gluing, or nailing have been described. Taping 
is unsatisfactory and difficult to achieve without con¬ 
stricting the hoof capsule.™ Nailed-on shoes require very 
skillful forgery ability and risk damage to the sensitive 
structures of the hoof. Glue-on shoes (Dalic) can be effec- 
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rive in some cases. A new technique using hoof repair 
composite and aluminum plates to make caudal exten¬ 
sions has been described and is also an option in cases 
of severe flexor tendon laxity (digital hyperextension). 

Contracted Tendons or Flexural Deformities 

The term “contracted tendons” has been used tradi¬ 
tionally to represent various flexural deformities in the 
limbs.'' I iowever, the potential for contraction of dense 
tendinous tissue is obviously limited. The primary defect 
is not usually in the tendon itself. In many instances the 
effective functional length of the musculotendinous unit 
is less than necessary for normal limb alignment to be 
maintained, but this should not imply a primary defect 
in the tendon itself. The term “contracted tendons” has 
become common usage, and it describes the condition 
effectively. However, the reader is urged to be aware of 
other possible pathogenetic mechanisms and to recog¬ 
nize that these are not completely understood. 

Flexural deformities are considered congenital (ap¬ 
parent at the time of birth) or acquired (developing dur¬ 
ing the growth period). Various etiologic factors have 
been incriminated in each group. 

Congenital Flexural Deformities 

Pathogenesis 

Congenital flexural deformities have been attributed 
to uterine malpositioning. 4 ** 71 * 98 Although this is plausi¬ 


ble and may occur in some instances, it is unlikely to be 
very common, as the fetus commonly changes position. 
More complex influences that have been implicated in¬ 
clude genetic factors and teratogenic insults during the 
embryonic stage of pregnancy. 

There was one report of eight foals with severe fetlock 
flexion considered to result from a recent dominant gene 
mutation in the sire*' 1 and another report ot three cases 
of congenital flexor contracture in foals from marcs on 
a farm where an influenza outbreak occurred while the 
mares were pregnant.’ Congenital limb deformities 
have also been found in association with ingestion of 
loeoweed by pregnant mares. 12 * Although such evidence 
is often circumstantial, it does point out the need for 
continuing investigation into the role of toxic and infec¬ 
tious agents in congenital deformities. Another reported 
contracted foal syndrome involved torticollis, scoliosis, 
and hypoplasia of the vertebral articular facets and distal 
extremities of the third metacarpal and metatarsal bones, 
with flexion contracture of the fetlock, carpal, and tarsal 
joints. 171 The etiologic basis of this syndrome is un¬ 
known, but it was hypothesized that rhe pathogenesis of 
the flexural deformities originated from joint instability 
associated with the bony malformations that resulted in 
compensatory muscle contracture. 1 1 Similar pathologic 
manifestations have also been reported in two Clydes¬ 
dale foals. However, one of these foals had a severe ex¬ 
tension deformity rather than a flexion deformity. 26 De¬ 
fects in cross-linking of elastin and collagen due to 
lathyrism will cause flexural deformities in other spe¬ 
cies. 1 " 2 Such biochemical lesions could feasibly be in¬ 
volved in some cases of congenital flexural deformities 
in foals. 

Congenital flexural deformities have also been associ¬ 
ated with equine goiter. 12 In another report, rupture of 
rhe common digital extensor tendons, forelimb con¬ 
tracture, and mandibular prognathism were common 
findings in association with severe hyperplastic goiter. ‘ 30 

Arthrogry posis may also produce flexural deformity. 
This condition has been well documented in calves but 
is less well defined in horses. A condition appearing clini¬ 
cally similar to arthrogryposis occurring as a result of 
the mare ingesting hybrid Sudan grass pasture has been 
reported. 1 

Clinical Manifestations 

Congenital flexural deformities may affect one or 
more limbs. The common manifestations are fetlock and 
carpal flexural deformities. Congenital flexural deformi¬ 
ties of the pastern, tarsus, and distal imcrphalangeal joint 
are rare but have been reported. 2 "" 21 With fetlock flex¬ 
ural deformities, the foals may be able to stand but knuc¬ 
kle over at the fetlock (Fig. 7.90). In severe instances, 
the foals will walk on the dorsal surface of the fetlock. 
Generally, both SDF and DDF muscle-tendon units are 
shortened in these cases. Some authors suggest that the 
suspensory ligament (interosseus medius muscle) is the 
primary structure involved. 34 * 35 Involvement of the DDF 
tendon alone may manifest as a flexural deformity of the 
distal inter phalangeal joint. Congenital flexure deformi¬ 
ties of the carpus arc common (Figs, 7.91 to 7.93). Indi¬ 
vidual tendon involvement is difficult to define in these 
cases, and frequently, contracture of the carpal fascia 
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Figure 7.90 Congenital Itexion deformity of 
metacarpophalangeal )oint. A toe extension has been placed on 
the hoof but is not helping the condition. 



Figure 7.91 Mild congenital carpal flexure deformity. This case 
recovered spontaneously 


and palmar ligament seems to be the primary compo¬ 
nent. With carpal contractures, for instance, complete 
removal of the palmar joint structures and severing of 
the flexor tendons was required to straighten the joint. 1 1 
Rotational deformities may also accompany flexure de¬ 
formities. 






\1 



Figure 7.92 Severe congenital carpal flexure deformity with 
limb in maximal extension possible 


Treatment 

Some foals with congenital flexural deformities (par¬ 
ticularly associated with the carpus! improve sponta¬ 
neously, and these rarely require treatment. They include 
mild carpal and fetlock flexural deformities. Most fet¬ 
lock flexural deformities usually respond well to splint¬ 
ing. Splints can be made from 4-inch diameter thick- 
walled pipe tubing and may also be bent with hear to 
whatever conformation is desired. With a severe fetlock 
deformity, a straight splint is used, and as relaxation is 
achieved, a bent splint is applied to force the fetlock back 
into normal position (Figs 7.94 and 7.95). During weight 
bearing, tensional forces are now constantly applied to 
the flexor units, which will induce flexor relaxation. All 
splinting devices require strategic placement of padding, 
constant evaluation, and changing of the splints to pre¬ 
vent skin necrosis. Severe problems can result from faulty 
use of splints and bandages (Fig. 7.96). With the use of 
these PVC splints at the appropriate angle, the risk of 
skin problems is markedly reduced. Disral imerphalan- 
gcal joint deformities can respond to the application of 
roe extensions that protect, and prevent excessive wear 
of, the toe and also induce the inverse myotatic reflex. 
Because the hoof wall of foals is thin and soft, nailing 
or wiring shoes to the foot is difficult, and gluing on is 
appropriate. A cheap alternative to glue-on shoes is the 
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Figure 7.93 Same torelimb as In Figure 7.92 after being 
skinned. After all tendons were severed, extension of carpus was 
still not possible. 



Figure 7.94 Splinting of a congenital fetlock flexion deformity. 
Limb is bandaged and prebent PVC splint is in position 



Figure 7.95 Splint held in place with adhesive tape. 


use of a toe extension device made with PVC. The basic 
principle of splinting or toe extension treatment is forced 
extension of the limb to induce the inverse myotaric re¬ 
flex and consequent relaxation of the flexor muscles. 
Various splints and devices have been recommended, 1 -* 
but the most effective material in my opinion is PVC 
tubing. 

The use of oxytetracycline to treat congenital flexural 
deformities is now routine. The practice was first de¬ 
scribed in 1985 by Lokai, 112 and a paper on case selec¬ 
tion from the same author was published in I992. ,li 
The author described the use of oxytetracycline on a pre¬ 
liminary basis in the previous edition of this text. In de¬ 
scribing case selection of 123 foals, Lokai said that all 
foals were less than 14 days of age. “Contracted’* foals 
were not included; only foals that could place some part 
of the foot on the ground were included, and the only 
previous treatment in any of the foals was splinting of 
the limb for 24 hours (8 of 123). All foals were treated 
with 3 g of oxytetracycline intravenously (undilured) 
using various brand names and concentrations. Every 
other foal was not treated for 3 days after foaling to give 
equal time for natural correction before treatment was 
instituted (delayed treatment). Foals not showing 80% 
correction within 48 hours (21 foals) of first treatment 
were reinjected with a second 3-g IV dose. No external 
splinting was used with any IV treatment. Of 123 cases, 
there was a 94% overall success rate (normal function 
restored within 72 hours after injection). The 3-g doses 
of undiluted oxytetracycline were used in the 50 mg/mL 
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dally, and the cast is completed using one of the light¬ 
weight commercial casting materials. Corrective shoes 
may be useful in some instances. 1 

When corrective shoes with toe extensions are used, 
the clinician should ensure that any toe abscesses are 
recognized. These can occur due to entry of infection at 
the white line of the toe in association with excessive 
wear or pressure. 

The final alternative in treatment of congenital tendon 
contractures is surgery. Flexor tenotomies 1,124 and car¬ 
pal {inferior) check desmoromies have been used success¬ 
fully {the methods are described in the acquired flexure 
deformities section) but are not commonly indicated. A 
case of congenital flexure of the right hock associated 
with an abnormally short peroneus tertius muscle has 
been recently described. 20 * The problem was successfully 
treated by resection of a portion of the peroneus ter¬ 
tius. 201, In cases not amenable ro conservative treatment, 
the use of surgery is unrewarding. Transection of the 

K almar carpal ligament in the palmar carpal joint capsule 
as been used in the treatment of carpal flexural deformi¬ 
ties. 1 It is presumed that the clinical compromise would 
he significant if an athletic career is envisaged. The same 
authors also reported on the treatment of a congenital 
pastern flexural deformity using surgical realignment 
and arthrodesis of the joint with lag screws. 

Acquired Flexural Deformities 

Pathogenesis 

Acquired flexure deformities can be unilateral or bi¬ 
lateral and usually occur as flexural deformities of the 
distal intcrphalangeaf or metacarpophalangeal joint. 
The pathogenesis of acquired flexural deformities is fre¬ 
quently related to pain. Any pain in the limb may, poten¬ 
tially, initiate a flexion withdrawal reflex that results in 
flexor muscle contraction and an altered position of the 
joint. Pain can arise from physitis, OCD, septic arthritis, 
soft tissue wounds, or hoof infections, with or without 
involvement of the distal phalanx. Physitis is commonly 
observed in animals with flexural deformities. Flexural 
deformities have also been associated with OCD in the 
shoulder and stifle joints. 

Poor nutritional management often has been incrimi¬ 
nated as a cause of flexural deformities in young growing 
foals. Both overfeeding and imbalanced rations have 
been implicated. 12 * 1,1 ' 4 Physitis, OCD, and flexural de¬ 
formities have all been related to intake of excess energy 
during growth. However, the relationship is not consis¬ 
tent, and evidence that excess energy intake causes flex¬ 
ural deformities in the horse is anecdotal. Associations 
can be made clinically between increased caloric intake 
and fetlocks becoming more upright. 

In addition to trauma and lack of exercise, another 
environmental factor that has been suggested is stance. 
One author has pointed out that young horses place one 
foot forward and one back when eating from the ground 
and that the club foot is consistently on the one that 
is placed back, 1K A genetic predisposition in terms of 
potential for rapid growth may also be involved. In Den¬ 
mark, the condition has been noted to occur in foals that 
are born late in the winter season and are kept inside in 
stall boxes without the possibility of exercising on the 


excess eweiw trauma 



Figure 7.97 Suggested pathogenetic pathways tor acquired 
flexure deformities. 


hard surface and stretching the stay apparatus. 1 Sug¬ 
gested pathogenetic pathways for acquired flexural de¬ 
formities are illustrated in Figure 7.97. 

The mechanism by which suggested criologic factors 
produce flexural deformities is still uncertain. One au¬ 
thor has suggested that rapid bone growth without exer¬ 
cise results in a failure of tendons and ligaments to de¬ 
velop at the same rate as bone lengthening. 1: Flexor 
muscles are stronger than extensor muscles, and the foal 
consequently develops a flexural deformity. Another au¬ 
thor has related the mechanism of flexural deformity de¬ 
velopment to discrepancy between bone growth and the 
capacity for lengthening the check ligaments. 12 These 
theories are not entirely compatible with our knowledge 
of bone growth of the distal limbs. Bone growth from 
the midinetacarpus/metatarsus distad is very limited be¬ 
yond 2 months of age, and many cases develop after this 
period. 

True tendon contracture of a flexor tendon can occur 
occasionally following some cases of severe traumatic 
injury to the tendon and is associated with contraction 
of fibrous tissue in the reparative process. 

Clinical Manifestations 

Clinically, there are two distinct entities. Flexural de¬ 
formity of the distal mterphalangcal (DIP) joint, or so- 
called DDF contracture, results in a raised heel and a 
“club foot * {Fig. 7.98). For purposes of prognosis and 
therapy evaluation, this deformity has been subdivided 
into stages 1 and 2. 12 Stage 1 contracture is when the 
dorsal surface of the hoof does not pass beyond vertical 
(Fig. 7.99), When the dorsal surface of the hoof passes 
beyond vertical, rhe situation is classified as srage 2 (Fig. 
7.100). The primary abnormality with flexural defor¬ 
mity of the DIP joint appears to be a relative shortening 
of the DDF musculotendinous unit. I lowever, once the 
problem has progressed to a stage 2 contracture, patho¬ 
logic changes develop in the joint capsule and other tis¬ 
sues of the coffin joint, resulting in an irreversible state of 
fibrous ankylosis if not treated promptly. Radiographic 
changes in the distal phalanx have been correlated with 
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Figure 7.98 Diagram of flexure deformity of distal 

interphaiangeal (coffin) joint. 



Figure 7.99 Acquired flexure deformity of distal interphaiangeal 
joint (stage 1) The elongated heel gives the typical “club-foot" 

appearance. 



Figure 7.100 Stage 2 acquired flexure deformity of distal 
interphaiangeal joint. 


clinical severity in nine foals with flexural deformity of 
the DIP. Varying degrees of osteolysis in the distal pan 
of the distal phalanx were observed,'' and the foals with 
the most pronounced clinical signs also displayed the 
most prominent radiologic changes. 

Flexural deformities of the DIP joint may occur rap- 
idl> over 3 to 5 days, so that the heel of the hoof rises 
off the ground, causing the foal to walk on the toe. In 
more slowly developing cases, the heel maintains contact 
wirh the ground and grows excessively long. Hooves ol 
this deformity have been termed club feet or boxy feet. 
T he coronary band may also appear prominent in horses 
with club feet, 3 Deformity of the dorsal hoof wall with 
dishing and distraction of the sensitive and insensitive 
laminae may occur in longstanding disease, and this in 
turn may lead to seedv toe and toe abscesses. Because 
osteitis and remodeling of the distal phalanx can also 
occur, radiographs of the foot should be taken as part 
of the evaluation. 

The other clinical entity, flexural deformity of the fet¬ 
lock joint, has been classically referred to as contracture 
of the superficial digital flexor (SDF) tendon. It is charac¬ 
terized by knuckling at the fetlock with the hoof itself 
remaining in normal alignment (Figs “JOI and 7.102). 
These cases should be called fetlock flexural deformities 
or metacarpophalangeal flexure deformities (the clinical 
problems arc usually in the forelimbs), as the term SDF 
contracture is a gross oversimplification. The angle of 
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Figure 7.104 Stage 1 flexure of deformity of distal interphalangeal joint before (A) and after (B) carpal 

(inlenor) check desmotomy 



Figure 7.105 Stage 2 flexure deformity of distal interphalangeal deformity before (A) and after (Bj deep 

digital flexor tenotomy. 
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shoeing still is recommended in chronic cases. An ultra- 
sonically guided technique has also been described. 22 * 
Deep flexor tenotomy is indicated for severe long¬ 
standing cases of DDF contracture (Fig. 7.105), but in 
cithers, fibrosis and contraction of the joint capsule and 
associated ligaments does not permit proper realignment 
(Fig. 7.106). The cosmetic appearance following tenot¬ 
omy is sometimes unsatisfactory, and the functional abil¬ 
ity of the limb is often limited because of the drastic 
nature of the surgery. However, satisfactory cosmetic 
and functional results have been obtained following deep 
flexor tenotomy (Fig. 7.107). Performing the surgery 
more distally within the tendon sheath may give a better 
cosmetic result than the niidmctacarpal approach. 54 
However, wider separation of the transected tendon ends 
is of concern with later function. Successful treatment of 
five type 2 flexural deformities has been reported using 
inferior check desmotomy alone. 22 '’ Corrective shoeing 
was also used in all cases. As a generalization, inferior 
check desmotomy should he attempted initially, even in 
severe cases. The same author described transection of 
the inferior check (accessory) ligament of the DDF ten¬ 
don using an ultrasound-guided technique. A 7.5-MHz 
transducer was used to observe the dissection and isola¬ 
tion of the check ligament through a 1 - to 1,5-cm incision 
and to check complete transection of the check ligament. 
The technique was reported effective in correcting flex- 



Figure 7.106 Severe flexure deformity of (tie distal 

mte(phalangeal joint not amenable to treatment. 



Figure 7.107 Horse 1 year after bilateral deep flexor tenotomy 
with good cosmetic results (the horse was also sound as a riding 
animal.) 


ural deformity of the DIP joint as well as the metacarpo¬ 
phalangeal ioint in all but three horses. The author also 
noted that check ligament desmotomy at a young age 
(median, 6 months) resulted in more horses with normal 
foot conformation than surgery completed at an older 
age (median, 12 months). The author felt that this tech¬ 
nique reduced immediate postoperative wound morbid¬ 
ity, There is a smaller incision and reduced closure time 
brcause no subcutaneous sutures are used and subjec¬ 
tively less tissue swelling after surgery. An alternative to 
a tenotomy is a tendon-lengthening procedure. The ac¬ 
tual functional differences between these two techniques 
is uncertain, and the cosmetic appearance does not ap¬ 
pear to he significantly better after the tendon-lengthen¬ 
ing procedure than after tenotomy. 

Although the prognosis for full functional soundness 
is poor, tendon contracture following severe tendinitis 
can be treated by tenotomy to restore normal limb align¬ 
ment. 

The results of surgical treatment of flexural deformi¬ 
ties of the fetlock joint are less predictable than those 
for flexure deformities of the DIP joint. A number of 
surgical treatments are available. If the SDF tendon is 
the most taut, either superficial flexor tenotomy or radial 
(superior) check ligament desmotomy may be per¬ 
formed. Superficial flexor tenotomy is simple and not 
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as drastic as deep flexor tenotomy in terms of cosmetic 
appearance and postoperative functional ability. 

However, in many instances, inferior (carpal) check 
ligament desmotomy has been most useful for the treat¬ 
ment of this condition when the DOF tendon seems the 
most taut on clinical examination. Following perfor¬ 
mance of the carpal check ligament desmotomy, a PVC 
splint is used to hold the fetlock in position as an adjunc¬ 
tive measure (Fig. 7.108). The author has had success 
with this technique, and it has been reported elsewhere. 

Suspensory ligament desmotomy may he considered 
when the condition is refractory to the previous treat¬ 
ments (Fig. 7.109). The fact that cases of metacarpopha¬ 
langeal flexural deformity respond to inferior check des¬ 
motomy does nor imply thar shortening of the DDF 
musele-tendon unit is the primary' event in such a defor¬ 
mity. Although the SDF musculotendinous unit may ini¬ 
tiate flexural deformity of the metacarpophalangeal 
joint, the DDF muscle-tendon unit may shorten second¬ 
arily and become the structure that limits return of the 
fetlock to its normal position. 1 Rarely, the suspensory 
ligament may be the limiting structure. 

In a report of 15 cases in 1985, horses with mild meta¬ 
carpophalangeal joint flexural deformities were treated 



V 


Wrt, 


Figure 7.109 Severe flexure deformity of metacarpophalangeal 
joints that required sectioning of the carpal (inferior} check 
ligament, superficial digital flexor tendon, and branches of the 
suspensory ligament to return fetlock to normal position (Courtesy 
of T. $. Stashak ) 


with corrective trimming and shoeing. Those with mod¬ 
erate deformities were treated with desmotomy of the 
accessory ligament of the DDF tendon (inferior check 
ligamenr) and corrective shoeing, and desmotomies of 
the accessory ligaments of both DDF and SDF tendons 
were performed on severely affected horses, followed by 
corrective shoeing. 21 '* In this long-term study, four 
horses with mild lesions and four horses with moderate 
lesions returned to useful work. None of the horses with 
severe disease responded enough to withstand strenuous 
athletic training. 

Suspensory ligament contracture may be a final sec¬ 
ondary' effect of a prolonged flexural deformity of the 
metacarpophalangeal joint. Probably more often, the 
failure to respond to other surgical procedures is due 
to fibrosis and contraction of the fetlock joint capsule, 
sesamoidean ligaments, and other associated structures 
in the region. Suspensory ligament desmotomy is a dras¬ 
tic final measure, and subluxation of the proximal inter- 
phalangeal joint is a possible sequel. This treatment 
method should only be performed as a last resort and 
after clear discussion with the owner. 

Rupture of the Common Digital Extensor Tendon 

Rupture of the common digital extensor tendon is 
usually bilateral and is generally present at birth or devel¬ 
ops soon after birth. 1 Affected foals typically either 
have carpal flexural deformities with nominally ex¬ 
tended fetlocks or have fetlock flexural deformities. 
(Sometimes flexural deformities may not be noted de¬ 
spite evidence of a ruptured extensor tendon.) The char¬ 
acteristic feature of this condition is the presence of 
swelling over the dorsolateral aspect of the carpus (Fig. 
7.110). Depending on the amount of synovial fluid pres¬ 
ent in the synovial sheath of the common digital extensor 
tendon, it may or may not be possible to palpate the 
enlarged ends of the ruptured tendon. Commonly, the 
ruptured common digital extensor tendon is nor recog¬ 
nized, and the problem is diagnosed as flexor tendon 
contracrure. 

Rupture of rhe common digital extensor tendon may 
be accompanied by contracture of the flexor tendons 
(Fig. 7.111). It is difficult to decide if the extensor tendon 
rupture occurs secondary to flexor contracture in these 
cases or if flexor contracture occurs secondary to the 
extensor tendon rupture. It is considered that most often 
the extensor tendon rupture is a primary condition, but 
I have observed extensor tendon rupture actually occur¬ 
ring when a fetlock flexure deformity was already pres¬ 
ent. Affected foals may have associated birth defects in¬ 
cluding prognathism, underdeveloped pccroral muscles, 
and incomplete ossification of the carpal bones. 11 The 
implication here is that the common digital extensor ten¬ 
don rupture may be part of a complex of congenital de¬ 
fects. 

Treatment 

If associated contracture of the flexor tendons is not 
present, some foals recover spontaneously with stall rest. 
The use of protective bandaging is indicated to prevent 
abrasive damage to the dorsum of the fetlock. If the foal 
is knuckling over at the fetlock, the use of PVC splinting 
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lire. 22 * As loading takes the tendon beyond the nonlinear 
toe region, the tendon itself becomes more resistant to 
elongation, and a linear stress-strain relationship is seen 
up to the yield point when loss of linearity is seen, and 
it is probably associated with slippage of microfibrils 
and tropocoflagen units. The entire tendon fails ulti¬ 
mately, and studies with the SDF tendon of the horse 
report that this occurs at a strain of 12 to 20%. 16 *' 254 
When this is compared with strain magnitudes recorded 
in a galloping Thoroughbred of about 16%, the safety' 
margin at peak performance is very small, which is pre¬ 
sumed to be a factor in the high incidence of SDF tendon 
injury. 

There is a smaller cross-sectional area in the metacar¬ 
pal region of the SDF tendon, and although it is likely 
that tne metacarpal region contains proportionately 
more longitudinal load-bearing collagen fibers than 
other sites, this “stronger" composition is not enough 
to compensate for a smaller cross-sectional area. * 6 Also 
comparison of collagen fibril populations in the SDF ten¬ 
don of exercised and noncxcrciscd Thoroughbreds has 
shown reduction in fibril diameter in the central region 
of the SDF tendon in association with exercise. This was 
considered evidence of microtrauma, as it implies that 
the region is weakened by the training regimen. 52 It was 
felt that repeated episodes of microtrauma may accumu¬ 
late and eventually result in degenerative lesions and clin¬ 
ical tendinitis. Other work by this group in young Thor¬ 
oughbreds with a specific 18-month exercise program 
confirmed that there was a significantly lower collagen 
fibril crimp angle and period length in the core region 
of the SDF tendon than in control horses. Crimp angle 
was also significantly lower in the central region than in 
the peripheral region in four of the five exercised horses. 
Separate research has shown that fibril bundles with a 
smaller crimp angle fail at a lower level of strain than 
those with a larger crimp angle, so these investigators 
felt that the results supported previous evidence that gal¬ 
loping exercise modifies normal age-related changes in 
crimp morphology in the core of the SDF tendon and 
that such changes indicate microtrauma and would he 
detrimental to tendon strength. 151 Although suspensory 
ligament desmitis and SDF tendinitis occur with approxi¬ 
mately equal frequencies in the foreltmbs of Standard- 
breds, MADs did not change significantly with exercise 
for either the DDF tendon or the suspensory ligament in 
young Thoroughbreds subjected to a treadmill exercise 
regimen. The authors concluded that between the trot 
and the gallop, loading of the suspensory ligament does 
not increase to the same extent as that of the SDF tendon. 
That only the SDF tendon shows evidence of micro¬ 
trauma indicated to the authors that the SDF tendon is 
preferentially loaded at the gallop. 112 They did acknowl¬ 
edge that another possibility is that strain-induced mi¬ 
crotrauma occurs in the suspensory ligament of the DDF 
tendon in response to training but at different sites. Cen¬ 
tral zone tissue from this SDF also has a significantly 
higher proportion of type III collagen than the peripheral 
zone of the SDF tendon. 25 The highest level of type HI 
collagen was also found in the central zone tissue of the 
SDF tendon from older horses, and the authors felt that 
this may represent the early stages of a degenerative 
change. The SDF tendon has more type III collagen, more 
mature trifunctional collagen cross-link hydroxylysyI 
pyridinolone, lower total chondroitin sulfate-equivalent 


GAG content, smaller-diametcr collagen fibers, and a 
higher cellularity than the DDF tendon. 

Other studies in vivo have shown that the SDF tendon 
bears the load in the early part of the weight-bearing 
phase of gait, before the load is shared with the DDF 
tendon, and the rate of rise in load is greater in the SDF 
tendon. 1 ^ Also, in an extended trot, the suspensory liga¬ 
ment is loaded preferentially in the initial part of the 
stanee phase. Such differences in functional loading may 
explain the incidence of lesions in the SDF of racehorses 
and the suspensory ligament of trotters. Peak loads occur 
iti the DDF only at tne later stage of the gait cycle, and 
rate of loading is low, which may account for the low 
incidence of lesions in this tendon. 

Goodship et al. 4 pointed out that when postmortem 
tendons are stretched to rupture in the laboratory they 
often show a characteristic pattern of failure, with the 
central fibers failing first, just as in clinical injuries. It 
has been suggested that the central core of the tendon 
undergoes degeneration which then predisposes the ten¬ 
don to subsequent breakdown, but factors responsible 
for such changes are poorly understood. It is not uncom¬ 
mon to find a discoloration in the central core of other¬ 
wise apparently normal tendons, and it has been sug¬ 
gested that this may represent an early lesion that cannot 
be detected by current diagnostic procedures. An in¬ 
crease in core temperature of the tendon during hi^h- 
intensity exercise has been suggested as a factor. 252 * 255 
In vivo studies have shown that the central core of the 
SDF tendon has a temperature rise to about 45°C during 
a 7-minute gallop, whereas the temperature on the sur¬ 
face of the tendon is some 10 e C lower. 255 It was sug¬ 
gested that local thermal effects result m cell death or 
impaired metabolism of tenocytes in the central core of 
tendons, used in storage of elastic energy. These authors 
also feet that the peak temperatures recorded in vivo arc 
above those reported to have caused fibroblast death in 
vitro. 232 Goodship et al. 252 have suggested that these 
temperatures in the core of the tendon could cause cell 
necrosis followed by a repair process, resulting in in¬ 
creased type III collagen and an elevated GAG content 
(the latter two events have been reported by Birch et 
al. 22 ). 

It has often been stated that tendons in general and 
the SDF tendon in particular have a poor blood supply 
and so factors that could cause hypoxia could be critical. 
Reperfusion injury has also been suggested as a possible 
factor* 7 * 

People have debated in the past whether tendinitis of 
the SDF tendon results from a single episode in which 
nonphysiologic strain is suddenly imposed upon a nor¬ 
mal tendon or from multiple episodes of submaximal 
strain sustained during athletic performance that in¬ 
duced microdamage in tendon structure that predisposed 
the tendon to mechanical failure. Work accumulates in¬ 
dicating that microdamage is a real primary* phenome¬ 
non. In an ideal world, definition of rraining regimens 
that do not adversely affect central region crimp mor¬ 
phology, collagen ty pe change, collagen fibril diameter, 
and heat-induced necrosis as well as identification of in¬ 
dividuals that are less susceptible to these effects would 
assist in preventing SDF tendinitis. 

Following injury, the repair process in tendon follows 
the same basic pattern seen in other tissues in the body. 
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After fibril disruption, there is hemorrhage and forma¬ 
tion of intratendinous hematoma with resulting swelling 
and inflammation. After the initial inflammatory process 
and removal of damaged tissue by cells of the body, scar 
formation occurs. In the new scar tissue, the collagen 
initially is immature and arranged in a haphazard archi¬ 
tecture composed predominantly of type 111 collagen and 
with small diameter fibrils. With maturation, fibril diam¬ 
eter increases as do the number of stable chemical cross¬ 
links together with the proportion of type I collagen. 
However, this process takes weeks to months to com¬ 
plete, and the original strength of the tendon is never 
restored. * The initial haphazard arrangement of colla¬ 
gen fibers may be modified as functional loading is re¬ 
stored, resulting in a return toward parallel alignment. 

The author finds it interesting that microdamage pre¬ 
ceding macrodamage in tendons so parallels what we 
feel is happening in articular cartilage and bone of the 
equine athlete. 

Diagnosis 

Diagnostic advances, particularly with ultrasonogra¬ 
phy, have greatly enhanced our ability to diagnose and 
define the extent of damage in tendon and ligament inju¬ 
ries. However, the basic clinical evaluation remains an 
essential part of the lameness diagnosis and prognosis. 
Typically the horse with flexor tendinitis is presented 
because of local signs of swelling, distension, thickening, 
and heat with lameness. Astute grooms will notice local¬ 
izing signs before any tameness has been observed. Severe 
tendon injuries are easily recognized clinically. Swelling, 
heat, and pain on palpation are apparent after exercise. 
Lameness varies from mild to moderate and generally 
resolves in a few days with rest and appropriate therapy. 
Subctinical tendon injuries are less easily recognized and 
require careful diligent observation of the tendons after 
exercise. If there is major disruption of tendon fibers, 
the fetlock cannot be “dropped.” 

The chronic stage is manifested by fibrosis and hard 
swelling on the palmar or plantar aspect (Fig. 7.112). 
The use of diagnostic ultrasonography enables accurate 
determination of the extent and location of the lesions. 
Tcndonography has been used (single- or double-con¬ 
trast studies) for further definition of change within the 
tendon sheaths, but ultrasonography has superseded 
most of these studies. In the case of pathologic change 
within a tendon sheath, diagnostic renoscopy is the main 
diagnostic modality above and beyond ultrasonography. 
Technical details on ultrasonography of tendons and lig¬ 
aments is beyond the scope of this chapter. The general 
principles of ultrasonography of the suspected areas in¬ 
clude transverse and longitudinal-linear ultrasound 
scans. The size of both the tendons and the lesions can 
be measured. Loss of the normal intense echogenicity 
can be caused by fibrillar disruption and inflammatory 
processes (hemorrhage, edema, and cellular infiltration 
in the early stages!. The reader is referred to texts on 
ultrasonography 1 * and Chapter 4 for more informa¬ 
tion. 

A consistent relationship between the ultrasono¬ 
graphic and histologic findings was demonstrated in a 
series of injured SDF tendons compared with normals. 121 
The echogenicity of lesions, the distinctness of their de- 



Flgurw 7.112 Tendinitis of the superficial digital flexor tendon 
(“bowed tendon"). 


lincation from the surrounding tissue, and presence and 
arrangement of the linear echoes were useful features for 
assessing the ultrasonogram. Acute lesions were an- 
cchoic, a complex mixture of an echoic and hypoechoic, 
or diffusely hypoechoic. These appearances represented 
hemorrhage, fibrolvsis, and early granulation tissue. Fi¬ 
broplasia and granulation tissue produced well- to mod¬ 
erately well-defined hypoechoic lesions. Chronic fibro¬ 
sis was characterized by heterogeneously echogenic areas 
that were poorly defined from the surrounding tissue and 
had irregularly arranged linear echoes on longitudinal 
images. Intratendinous scar formation resulted in multi¬ 
ple hypcrechoic foci. Extensive peritendinous lesions 
were readily apparent on ultrasonographs, but interten* 
dinous adhesions were more difficult to assess and pro¬ 
duced dual definition of the borders between the SDF 
and DDF tendons. 

In another study, six horses with acute (£2 weeks), 
six with healing (>2 weeks and year), and six with 
chronic inactive (“set”) bowed tendons {>1 year) were 
evaluated. The lesion and the tendon were measured 
every 2 cm throughout the length of rhe SDF tendon and 
were characterized ultrasonographic.ilIv at each loca- 
tion. ,< ’ 4 The tendons were subsequently evaluated 
grossly and histoparhologically at each of the previously 
scanned locations and the findings compared. There was 
excellent correlation between the location, extent, size, 
and ultrasonographic characterization of the lesion and 
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its gross and histopathologic appearance. Anechoic areas 
(type IV) represented areas of recent hemorrhage. The 
hypoechoic areas (types II and III) corresponded to areas 
of granulation tissue and immature fibrous tissue. Areas 
of maturing fibrous tissue with collagen (type 1) were 
more echogenic. Derails of grading of lesions and quanti¬ 
tative assessment are provided by Genovese and Ranta- 
ncn, 70 Another study showed that quantitative sono¬ 
graphic assessment using a systematic routine evaluation 
can provide objectivity for clinical information and im¬ 
prove the ability to render an accurate prognosis.'’ 4 * It 
has also been recognized that the mean gray scale of 
the DDF tendons and accessory ligament is significantly 
reduced when a horse is non-weight-bearing compared 
with when weight-bearing (the density of the suspensory 
ligament is not). 14 *’ This obviously needs to be noticed 
when one is making quantitative assessments of density. 
The technique needs to be consistent, as minor changes 
in transducer placement and tilt can result in marked 
changes in gray-level statistics. 

Treatment 

Treating tendinitis of the SDF tendon can be ex¬ 
tremely frustrating because of the difficulty in restoring 
previous structure and function of the tendon. Even 
when healing has occurred, there is the potential for rein¬ 
jury, and loss of function remains. As w ith any condition 
that does not have a consistently successful treatment, a 
wide variety of treatments are used to try to modulate 
repair and enhance the rate and quality of repair after 
an acute injury. The goals of therapy for acute tendinitis 
are to decrease inflammation, to minimize scar tissue 
formation, and to promote restoration of normal tendon 
structure and function. 

Experimental models of injured ligaments have 
shown that ice application decreases inflammation in in¬ 
jured ligamentous tissue w’hile causing increased subcu¬ 
taneous swelling, but the latter response can be handled 
satisfactorily with pressure bandaging. 4 h Bandaging is 
used between treatments. This regimen can be followed 
by immobilization using either a plaster cast or soft cast¬ 
ing (Jello cast), depending on the severity of the case. 
Initial therapy is aimed at decreasing inflammation and 
edema. It is important to reduce inflammation in the 
collagen fibers and matrix that surround the initial le¬ 
sion. This is usually accomplished w ith a combination of 
local and svstemic anti-inflammatory treatments. Cold 
hydrotherapy, ice packs, or an ice-water slurry is used to 
minimize hemorrhage and edema (which can exacerbate 
fiber disruption and later scarring). Ice-water slurries ap¬ 
pear to deep-cool tissues more rapidly than ice or cold 
water alone. Cold application is generally done in the 
first 48 hours after injury, three to four times a day for 
no longer than 30 minutes. Longer exposure to cold has 
been show n to cause reflex vasodilation. 

Topical medications that have been used include 
DMSO. Use of this medication is logical because of its 
antiedema and free radical scavenging properties as well 
as vasodilatory properties. The systemic NSAID used 
most commonly is phenylbutazone, although Banamine 
may be used initially because of its more immediate ef¬ 
fect. Corticosteroids have been used svstemically and lo¬ 
cally. Although they have potent anti-inflammatory ef¬ 


fects and therefore have potential benefit, studies have 
shown steroids to be detrimental to tendon repair by 
inhibiting fibroplasia as w r ell as collagen and GAG syn¬ 
thesis/ 4 In addition, injection of corticosteroids into 
normal tendons has been shown to cause collagen fiber 
necrosis, cellular death, and dystrophic calcification, and 
their use should probably be avoided. 

Complete rupture of the SDF tendon is a career-end¬ 
ing event. Future gliding function is of minimal conse¬ 
quence, and a cast would be applied for 4 to 6 weeks, 
followed by support bandaging and a slow’ return to 
walking. It usually takes 10 to 12 weeks before the ten¬ 
don is strong enough to accommodate pasture exer¬ 
cise. 1 ^ Less severe tendon injuries are generally simply 
supported with a bandage. An obviously important part 
of treating tendinitis is rest, hut appropriate return to 
exercise can help stimulate collagen fiber alignment. 
Slight tension on an injured tendon in the early phase 
of healing may help align fibrous strands in the early 
inflammatory coagulum and promote proper alignment 
of new collagen as well as inhibit adhesion formation. 

Other medical treatments used in the management of 
tendinitis include HA and PSGAGs. Evidence for the 
value of HA is controversial. A clinical study of 81 ten¬ 
don injuries assessed by clinical examination, thermog¬ 
raphy, diagnostic ultrasonography, and radiography and 
follow'cd up from 3 to 10 months (the medication was 
injected into the damaged part of the tendon) found 
77.8% recovered, 12.4% improved, 4.9% unsuccessful, 
and 4.9% recurrence. The authors concluded that they 
had a practical and successful therapy that might be su¬ 
perior to conventional methods. 8 On the other hand, 
controlled data have nor demonstrated efficacy. A con¬ 
trolled study using collagenase-induced superficial flexor 
tendinitis in horses and 40-mg injections of sodium hya- 
luronate subcutaneously over an area 3.5 cm proximal 
to, and 3.5 cm distal to, the measured midpoint of the 
treatment limb 24 hours after collagcnase injection did 
not reveal significant benefits of treatment. Horses were 
evaluated clinically, ultrasonographically, and the ten¬ 
dons were evaluated biomechanically and biochemically. 
There were, however, trends toward less lameness in 
treated limbs and better healing on ultrasonographic ex¬ 
amination in control limbs/ 4 * 

In another experiment with collagenase-induced SDF 
tendinitis and sequential imratendinous administration 
of HA, no significant differences in size of tendon lesions, 
tendon enlargement, lameness, or tendon healing were 
detected between tendons that received HA and control 
tendons/' In another study in w hich adhesion formation 
between the DDF tendon and tendon sheath in the pas¬ 
tern region and collagenase-induced tendinitis induced 
in the deep flexor tendon, 120 mg of sodium hyaluronate 
injected into the tendon sheath improved tendon healing 
ultrasonographically, and there were considered to be 
fewer and smaller adhesions on gross pathologic exami¬ 
nation in limbs treated w ith HA. HA and control limbs 
did not differ significantly in pullout strength. Histologi¬ 
cally, the HA-treated DDF tendons had less inflamma¬ 
tory change/ 1 In an experimental study in rabbits, high- 
molecular-weight HA injected IA produced more pro¬ 
nounced repair, with increased antiangiogenesis and less 
inflammatory response. Biochemical analysis revealed a 
mean higher value of type III collagen in the HA-treated 
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[ ,4 C|hydroxyproline activities were 91 and 255% 
greater, respectively, in the stimulated group. The activ¬ 
ity was also higher in the stimulated group by 42 days, 139 
Histologic sections showed that intrinsic tenoblastic re¬ 
pair could be enhanced with electrical stimulation in 
vitro. As yet, the author is unaware of any such modality 
that has definitively demonstrated tendon repair en¬ 
hancement. The use of ionizing radiation* 1 and ultra¬ 
sonic therapy 135 * 136 has also been described. 

Low-level laser therapy (also called soft or cold laser 
therapy) has also been used. Experimental studies have 
not substantiated clinical claims of benefit. Kaneps et al. 
found no benefit from laser irradiation of skin and ten¬ 
don wounds in horses.’ 00 Maar found that laser therapy 
for SDF tendinitis resulted in a 50% return to training, 
30% return to racing, and 20% injury recurrence rare 
in a group of national hunt racehorses. 120 The differ¬ 
ences were not statistically significant, but the results 
were not as favorable as those in a group of horses 
treated conservatively. 

Rooney and Genovese published a clinical survey of 
the tendons of 1087 racehorses that they followed during 
a 9-month race meet. Thirteen percent of horses compet¬ 
ing sustained a tendon injury, and 48% of horses with 
previously injured tendons reinjured their tendons. 1 2j 

Dyson reported on a study comparing the incidence 
of reinjury in horses with tendinitis of the SDF tendon 
and treated conservatively (controlled exercise), with in- 
tralesional sodium hyaluronate, with intralesional and 
systemic PSGAG, or by systemic administration alone of 
a PSGAG. The study also gave an opportunity to com¬ 
pare the rate of rein jury in horses used for different ath¬ 
letic purposes.' 4 5 Fifty horses were treated conservatively 
and were advised to follow a controlled exercise pro¬ 
gram. This program did not start cantering exercise until 
12 to 16 months after injur> r , depending on the ultraso¬ 
nographic appearance of the tendons. Fifty' horses (group 
B) were treated by intralesional injection of high-molecu- 
lar-weight sodium hyaluronate (2 mL). Twenty horses 
(group Cl) received intralesional PSGAG (500 mg) and 
seven intramuscular injections at 5-day intervals. Thirty 
horses (group C2) received seven intramuscular injec¬ 
tions of PSGAG at 5-day intervals. Transverse and longi¬ 
tudinal images before treatment and at 3-month intervals 
after treatment until 12 to 15 months after treatment 
were made. The fiber pattern and longitudinal images 
were graded 9, 12, and 15 months after injury (grade 1 
had 75 to 100% of fibers in parallel alignment; grade 2, 
50 to 75% of fibers; and grade 3, less than 50%). There 
was no difference in the incidence of recurrence of SDF 
tendinitis in horses treated conservatively and those 
treated with cither HA or PSGAG. There was a higher 
incidence of reinjury in horses with a previous tendon 
injury. The incidence of reinjury was directly related to 
tendon healing as graded ultrasonographically. The inci¬ 
dence of reinjurv was highest in racehorses and in horses 
used for either 3-day event horse trials or dressage. 

Surgical Techniques for the Treatment of 
SDF Tendinitis 

The surgical technique of longitudinal tendon split¬ 
ting was first advocated to promote vascularization and 


consequent healing to the injured tendon. The first tech¬ 
nique involving a complete longitudinal incision was de¬ 
scribed by Asheim in 1964. Good revascularization and 
regeneration of tendon tissue was reported. A percutane¬ 
ous fanning technique w f as later developed to minimize 
the peritendinous adhesions noticed following Asheim's 
technique. 8 * 104 * 141 * 142 Favorable clinical results have 
been advocated, but the rationale of the technique was 
disputed by a study that showed that surgical splitting 
of normal tendons diminished the vascularity. 193 * 194 Ul¬ 
trasonographic examination of rendons has shown that 
many cases of acute tendinitis have core lesions and these 
central core lesions persisted for several months. It w'as 
theorized that tendon splitting during the early phase of 
tendinitis would decrease the size of the core lesions and 
promote more rapid revascularization and subsequent 
repair of the injured area of the tendon. A study of ten¬ 
don splitting on experimentally induced acute equine 
tendinitis revealed a significantly lower mean tendon le¬ 
sion area ultrasonographically in the split tendons than 
in the controls at weeks 3,4, and 8/' Mean lesion grade 
was lower in the split tendon at weeks 2, 3, 4, and 8. 
The findings suggested that during the time period of the 
study, tendon splitting results in a more rapid decrease 
in lesion size and superior repair tissue organization than 
in controls/ 4 Histologic examination confirmed more 
normal collagen orientation and wave formation in the 
repair tissue than in the split tendons at weeks 4 and 8. 
A clinical study demonstrated that surgical sphering of 
acutely to subacutcly injured tendons that contained core 
lesions led to a significant reduction in lesion size, tendon 
diameter, and lesion grade within 8 to 12 weeks after 
surgery. Long-term follow-up of many of these cases re¬ 
vealed that this early reduction in lesion area was fol¬ 
lowed by an ultimate decrease in tendon diameter and 
thus most likely a reduction in fibrous tissue deposi¬ 
tion. 8 * Another ultrasonographic and clinical study 
found a similar reduction in lesion size of 44% and a 
mean decrease in lesion grade of 0.9 by day 10 following 
ultrasonographically guided tendon splitting. Some 81 % 
of the horses were able to return to performance, and 
68% competed at the same level following surgery. Re¬ 
sults such as this are impressive, considering that the 
tendinitis in this case was accompanied by grade 3 or 4 
lesions that involved up to 80% of the cross-sectional 
area of the tendon. 4 It is hypothesized that splitting cre¬ 
ates a communication berween the tendon core and the 
surrounding peritendinous tissue that promotes more 
rapid resolution of inflammatory edema and enhances 
revascularization and collagen production within the 
area of injury. Any effect on the mechanical properties 
of the mature collagenous repair tissue remains to he 
determined/ 4 

Bramlage first described transection of the accessory 
ligament (superior check) of the flexor tendon as a novel 
surgical treatment for tendinitis of the SDF tendon in 
1986/* This technique has been described elsewhere. 12 '* 
The SDF tendon inserts in the palmar aspect of the sec¬ 
ond phalanx in this joint to the distal medial aspect of 
the radius through the superior check ligament. This 
bone-tendon-bone segment sustains most of the load 
that the entire musculotendinous unit experiences. 
Bramlage proposed that transection of the superior 
check ligament would allow the SDF muscle belly to as- 
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Gillis mapped out an exercise protocol for tendon reha¬ 
bilitation. Protocols arc tailored according to whether 
the tendinitis is graded as mild, moderate, or severe. Mild 
tendinitis has a tendon cross-sectional area (CSA) that 
is less than 20% larger than the established normal range 
for the affecred sire in the SDF, or the CSA of the opposite 
limb at the same site, a core lesion less than 15% of the 
total tendon CSA, and an affected area less than 20% 
of the total length of the tendon. Moderate tendinitis 
exists when the tendon CSA is 20 to 35% larger than 
the established normal range of the affected site or the 
opposite SDF CSA, if a core lesion is 15 to 30% of the 
total tendon CSA, and if the affected area extends 20 to 
35% of the length of the tendon. Severe tendinitis exists 
when the tendon CSA is more than 35% above the estab¬ 
lished normal range for the affected site or the opposite 
SDF CSA at the same site, if the core lesion is more than 
30% of the total tendon CSA, and if the affected area 
extends more than 35% of the length of the tendon. 

A period of stall confinement and hand walking is 
initiated. In general, horses of all grades are hand walked 
15 minutes twice daily from 0 to 30 days. Those with 
mild and moderate lesions are hand walked for 40 min¬ 
utes daily for 30 to 60 days, and severe cases, 30 minutes 
daily. From 60 to 90 days, mild cases ride at the walk 
for 20 to 30 minutes daily, moderate cases are hand 
walked 60 minutes daily, and those with severe lesions 
are hand walked 40 minutes daily. 

A second ultrasonographic examination is made at 90 
to 120 days, and the tendon lesion is graded good, fair, 
or poor with regard to healing progress. Horses with 
good and fair grades of lesion are ridden at walk 30 
minutes daily from 90 to 120 days and 45 to 60 minutes 
dailv at 120 to 150 days. Five minutes trotting every 2 
weeks is added at 150 to 180 days for good-graded 
horses, fair cases are ridden at a walk 60 minutes daily, 
and the poor-progress horses are ridden at the walk 60 
minutes daily. The rehabilitation program continues to 
be gauged to the progress of the horse and whether the 
tendon healing is good, fair, or poor. Cantering is added 
for 5 minutes every 2 weeks for 120 days for good and 
fair cases, whereas poor cases have a revaluation and 
discussion of further treatment options. Good and fair 
cases continue to have a canter 5 minutes every 2 weeks 
from 210 to 240 days, and at 240 days, full flat work 
with no racing speed or jumping is instituted in both 
good and fair cases, 

Exercise may be tailored to suit the behavior and 
training level of the horse. For example, a racehorse 
might be exercised in a controlled manner by ponying 
ratner than being ridden. The increase in exercise is grad¬ 
uated to avoid fatigue or overload injury to the healing 
tendon. Although controlled exercise requires time, ef¬ 
fort, and money, Gillis proposes that ir coupled with 
accurate interpretation of regular clinical and ultrasono¬ 
graphic examination, it provides the best opportunity for 
successful resolution of tendon injury. This statement is 
supported by the results of a retrospective study of 50 
Thoroughbred racehorses with SDF tendinitis. 77 
Twenty-eight of 50 horses underwent a controlled exer¬ 
cise program. Six of 50 (with mild tendinitis) followed 
an abbreviated (3- to 5-month) rehabilitation schedule, 
and 16 of 50 were turned t»ut in pasture to recuperate 
from tendon injury. Eight of the 16 horses turned out to 
pasture were retired without an attempt to return to 


previous use, including 6 mares who became broodmares 
and 2 geldings. Forty-two horses were trained for racing 
following tendon injury. Of these, 26 of 42 were able to 
complete 5 (range, 5 to 40; average, 14) or more races. 
Of the 26 successful horses, 4 of 26 were previously un¬ 
raced, 8 of 26 remained in the same race category, 12 
of 26 decreased one or more categories, and 2 of 26 
improved at least one category (claiming, allowance 
stakes, and graded stakes). 

Several factors influence return to racing, including 
severity of tendon injury, injury to more than one limb, 
and type of rehabilitation. The limb affected was not a 
significant factor, except that horses with both forelimbs 
injured had a decreased reiurn-to-racing rate of 2 of 7. 
The severity of the lesion was a significant factor. Six of 
9 mild lesions, 16 of 27 moderate lesions, and 4 of 9 
severe lesions healed sufficiently to allow return to use. 
The type of rehabilitation was significant. Of 16 of 50 
horses kept in pasture, 8 were tried at racing and 2 of 8 
succeeded. Of 28 of 50 horses kept in a controlled exer¬ 
cise regimen, 20 of 28 succeeded. Gillis concluded that 
successful cases usually require 8 to 9 months of rest and 
rehabilitation to return to their previous full workload. 
Shortening this period or advancing too quickly usually 
results in worsening the tendon lesions. The premise for 
use of controlled exercise is to reduce inflammation ini¬ 
tially, maintain gliding function, and improve healing. 

The need for controlled exercise has also been empha¬ 
sized by Madison. 11 Although the author prescribed a 
protocol for exercise regimen, there were no data to vali¬ 
date it (or otherwise). The program consisted of 1 to 2 
months of stall rest with gradually increasing amounts of 
hand walking, turnout in a small paddock at 3 months, 
continuing to turn out in small paddock with enforced 
light exercise (lounging or ponying) at 4 months, turnout 
on pasture continued in months 5 and 6, continued turn¬ 
out on pasture in month 7, and return to riding at a walk 
and trot (Thoroughbreds) or jogging (Standardised*) 
and initial return to race training at 8 months (fast work 
being introduced at 9 months or jumping in jumping 
horses being instituted at 9 months). 

Prevention 

Based on changes seen in tendon matrix associated 
with development, aging, function, and exercise, it has 
been hypothesized that immature tendon can respond 
to load by synthesizing and maintaining the integrity of 
matrix, while mature tendon has limited if any ability to 
do so. These authors considered exercise detrimental to 
the matrix, particularly with increasing age, possibly as a 
consequence of accumulated microdamage and localized 
fatigue failure. They suggested that controlled, pro¬ 
grammed exercise of the young growing animat might 
possibly have beneficial effects on the development of 
tendon extracellular matrix and in turn condition it for 
the inevitable microdamage that occurs with exercise in 
the mature animal. At the same time, excessive exercise 
would be anticipated to be detrimental to tendon devel¬ 
opment, and it is suggested therefore that a safe “win¬ 
dow" exists for the optimum development of good qual¬ 
ity tendon matrix. Obviously the safe window needs to 
be further defined. It is a novel idea that providing opti¬ 
mal conditioning to a young subject may result in im¬ 
proved performance and reduced injury* later. 1 ** 
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Tendinitis of the Deep Digital Flexor 
Tendon 

Strain injuries of the DDF tendon (DDFT) in the meta¬ 
carpal or metatarsal region are uncommon compared 
with injuries of the SDF tendon (SOFT), accessory liga¬ 
ment of the DDF tendon (ALDDFT), or suspensory liga¬ 
ment (SL) on the basis of both postmortem surveys* 21 
and ultrasonographic examinations. Wcbbon de¬ 
scribed the incidence and gross pathologic features of 
tendon injuries at postmortem of 589 tendons in 206 
horses: there were 34 DDFT abnormalities found, com¬ 
pared with 100 SDFT abnormalities. However, most of 
the DDFT abnormalities (23 tendons) were described as 
degenerative changes in the distal phalangeal region, and 
21 of 23 were found in the forelimb. All but one of these 
lesions was below the proximal inrerphalangeal joint. 
Distal lesions of the DDFT as it crosses the flexor cortex 
of the navicular bone are a well-recognized postmortem 
finding and are sometimes considered part of the navicu¬ 
lar syndrome. Because the DDFT is difficult to image in 
this location, there is relatively little documentation of 
this problem in clinical cases. Wcbbon also described 
five DDFTs with fraying on the dorsal surface caused by 
friction against new bone on the proximal sesamoid bone 
exposed through ulceration of the intersesamoidean liga¬ 
ment. Six cases of “stress-induced DDFT injuries” were 
also described and of these, four were at the level of the 
proximal sesamoid bones and two were in the phalangeal 
region. 2 * 4 

Genovese et al. described one case of DDFT injury in 
a 10-year-old jumping horse with primary lameness and 
distension of the DFTS. 1 Denoix and Azevedo 18- docu¬ 
mented lesions in the DDFT within the deep flexor ten¬ 
don sheath (DFTS) but only gave brief clinical details 
and few objective data on the subsequent outcome. They 
also mentioned DDF tendinitis in association with des- 
mitts of the ALDDFT. 

The most definitive study of DDF tendinitis was in 
24 cases with ultrasonographic evidence of tendinitis of 
the DDFT in the metacarpometatarsal region, seen over 
a 7-year period. 14 Affected horses generally had a history 
of sudden onset of mild-to-moderate tameness associated 
with filling of the digital flexor tendon sheath. The lame¬ 
ness was exacerbated by flexion of the distal limb in 
approximately half the cases. The DDFT was occasion¬ 
ally thickened and painful on palpation, but it was often 
difficult to appreciate enlargement of the DDFT within 
a distended digital sheath. Intrasynovial analgesia of the 
DFTS consistently improved the lameness in ail cases. 
Regional four-point blocks also produced significant im¬ 
provement, but there was a less consistent response to 
abaxial sesamoid nerve blocks. On ultrasound examina¬ 
tion, 20 of 24 cases had small, distinct, often circular 
focal hypoechoic areas within the DDFT in the distal 
metacarpus/metatarsus, usually within the digital sheath 
and proximal to the proximal sesamoid bones. These 
hypoechoic areas tended to be localized and extended 
only a short distance proximodistally (usually less than 
1 cm). The lesions were considered focal, rather than 
true “core” lesions seen in the SDFT, and could be easily 
missed if not carefully examined through the digital 
sheath. All cases had an increase in the amount of fluid 


in the DFTS, One of the authors had seen three cases 
with lesions in the DDFT in addition to osteomyelitis of 
the proximal sesamoid bones. 

In the cases described in this series, the palmar anular 
ligament appeared ultrasonographically thickened in 
four cases. The relationship between desmitis of the anu¬ 
lar ligament (AL) and tendinitis of the DDFT within the 
digital sheath remains unclear, but the authors recom¬ 
mended that in horses with clinical signs of AL syn¬ 
drome, a careful ultrasonographic examination should 
be done to exclude the possibility of a concurrent DDFT 
injury that could in turn adversely affecr^he prognosis. 
In the 24 cases of DDF tendinitis, onlv ~ horses made 
a full recovery and returned to their intended athletic 
activity. The DDFT had returned to normal ultrasono¬ 
graphically in 2 of those 7 cases. Although the numbers 
were too small to permit statistical evaluation, the au¬ 
thors said that neither intrasynovial medication nor pal¬ 
mar AL desmotomy appeared to improve the prognosis 
markedly in horses with DDFT injuries, 

Anular Ligament Desmitis 

Anular ligament desmitis was initially described as 
consrriction of the palmar (volar) or plantar anular liga¬ 
ment of the fetloclc in the horse. 112 It has a classical 
appearance (Fig. 7.113). It was also described as a svn- 



Figure 7.113 Constriction ol the pa 1 mm anular ligament. Note 
distension of digital flexor tendon sheath aoove the anular 
ligament. 
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drome that responded to anutar ligament dcsmotomy 
(ALD). The anular ligament of the fetlock joint extends 
transversely across the palmar/plantar aspect of the joint 
between the proximal sesamoid bones. The anular liga¬ 
ment creates with the intersesamoidean ligament an ine¬ 
lastic canal through which pass the superficial and DDF 
tendons. The fetlock canal is lined by synovial membrane 
of the digital sheath and serves to maintain the position 
and functional integrity of the flexors of the distal limb. 
Restriction of the free movement of the flexor tendons 
within the canal may result from enlargement of the ten¬ 
dons or from constriction by the anular ligament because 
of fibrosis. The resulting pressure can lead to tenosynovi¬ 
tis with distension of the digital flexor sheath, resulting 
in pain and persistent lameness. The same changes may 
also arise as a primary chronic digital sheath synovitis 
of unknown cause with excess production of synovia 
and a firm fibrous deposition at the proximal reflection 
of the sheath onto the flexor tendons. 1 The pathogenesis 
is traumatic (direct or indirect), but the clinical features 
of the condition arc quite characteristic, and it has gener¬ 
ally been treated by sectioning the anular ligaments of 
the fetlock joint as initially described by Adams 1 ' 202 (Fig. 
7.114). 

A review of clinical and surgical findings of 49 equine 
fetlock palmar/plantar anular ligament (PAL) desmo- 
tomy patients at Colorado State University showed that 
ultrasonographic examination of the PAL and histologic 
evaluation of PAL biopsies in 24 of 40 cases revealed 
some changes that caused characterization of the syn¬ 
drome a little differently than previously reported. 
Twenty-seven horses suffered lameness referable to a 
thickened PAL alone. The outcome of 24 of these horses 
was determined: 21 (87%) became sound and 3 (13%) 
were improved. Fifteen horses had tendinitis in addirion 
to a thickened PAL. The outcome of 13 of these horses 
was determined: 5 (38%) became sound, 7 (54%) were 
improved, and I (8%) was not improved by Al.D, ALD 
was also performed in 7 horses with septic processes in¬ 
volving the digital flexor tendons. 

Ultrasonographic measurement from the external 
skin surface to the internal surface of the palmar anular 
ligament at the level of the apex of the proximal sesa¬ 
moid bones yielded a mean thickness of 9.1 ± 2.3 mm 



Figure 7.114 Two months after sectioning ot the palmar anular 
ligament 


(normal, 3.6 ± 0.7mm) and provided the most reprodu¬ 
cible index of anular ligament thickening in affected 
horses. Ultrasonographically detectable tendon lesions 
and/or intrasynovia I adhesions detected at surgery were 
negative prognostic signs. In all cases, tendon lesions 
consisted of focal-to-diffuse swelling seen ultrasono¬ 
graphically as areas of patchy hypoechogenicity and loss 
of a clear tendon margin outline. Ancchoic tendon core 
lesions were not seen in these horses. Of the 11 group 2 
horses with diagnostic ultrasound studies included in this 
investigation, 7 had SOFT lesions, and 4 had DDFT le¬ 
sions. The fetlock PAL is not distinctly visible ultrasono¬ 
graphically unless it is thickened, and when it is thick¬ 
ened, its external surface can lx- difficult to detect. This 
was the reason for developing a technique in which the 
distance from the skin surface to the palmar-plantar sur¬ 
face was measured. Dik ct al. reported that the skin over 
the anular ligament was 2 mm thick and thar the normal 
anular ligament is too thin to measure. In their investiga¬ 
tion, thickened anular ligaments measured 3 to 6 mm 
in thickness, resulting in a skin-through-anular-ligament 
measurement of 5 to 8 mm. Effusion within the digital 
sheath was present in 39 of 4 I limbs and, therefore, of 
no prognostic significance. Only I of 7 (14%) horses 
with SDFT lesions detected ultrasonographically fully re¬ 
gained soundness, while 3 of 4 (75%) horses with ultra- 
sonographically detectable DDFT lesions became fully 
sound (it is recognized that these lesions were different 
ultrasonographically from the typical lesion reported by 
Barr et al.). This study and another 2 appeared to sup¬ 
port the conclusions of Adams in 1974 thar the prognosis 
after ALD was favorable if the constriction of the palmar 
or plantar anular ligament was not accompanied hv ex¬ 
tensive changes in the tendon. It was also felt that the 
terms “stenosing desmitis,” “tenosynovitis,” or “tendi¬ 
nitis" might be more descriptive of the injury and effect 
than the word “constriction.” 

An open desmotomy technique was used in three 
limbs, and it resulted in an incisional infection in one 
case. The closed technique was done on 48 limbs in 44 
horses, 21 " and twice in 2 standing horses under local 
anesthesia. The most commonly reported postsurgical 
complication of horses without tendon injury was peri- 
incisional soft tissue swelling (7) that resolved in several 
days to several months, followed by peri-incisional fibro¬ 
sis (I), dehiscence (1), and subcutaneous incisional infec¬ 
tion that resolved with drainage and antimicrobial ther¬ 
apy (1). A tenoscopic technique for ALD has been 
described by Nixon. 4 

Histologic evaluation of biopsy specimens from the 
PAL demonstrated increased vascularity in a tmihifocal 
pattern of fibroblast hypcrcellularity and hyperplasia 
coupled with chronic inflammation and chondroid meta¬ 
plasia as features of this desmitis, 

Tenosynovitis of the carpal canal has been associated 
with constriction. 11 ** 

Suspensory Ligament Desmitis 

The suspensory ligament is predominantly a strong 
tendinous band containing variable amounts of muscu¬ 
lar tissue. 4 * It originates from the palmar carpal ligament 
and the proximal palmar surface of the third metacarpal 
bone in the for climb and descends between the second 


622 Adams lameness in Horses 


and fourth metacarpal bones. In the distal metacarpus 
it divides into two branches that insert on the proximal 
sesamoid bones. The extensor branches pass obliquely 
dorsad to join the common digital extensor tendon in 
the proximal phalangeal region. The suspensory appara¬ 
tus is continued distally as the straight oblique cruciate 
and short distal sesamoidean ligaments. The suspensory 
ligament phylogenetically represents the median interos¬ 
seous muscle and is also known as the interosseous mus¬ 
cle or proximal (superior) sesamoidean ligament. The 
percentage of muscle in each region has been deter¬ 
mined.' " * Srandardbreds had 40% more muscle in their 
suspensory ligament than did Thoroughbreds, and it has 
been suggested that this may he associated with biome¬ 
chanical differences in gait between the two breeds or 
with genetic factors. 2,4 In vitro strength testing of the 
suspensory apparatus in training and resting horses sug¬ 
gests that there is an increase of strength with training. 
The absolute load to failure in a single load-to-failure 
compression test was higher in horses that had been in 
racehorse training, and failure in the trained group was 
usually by fracture of a proximal sesamoid bone. In rhe 
untrained group the suspensory ligament failed.' 1 

Injuries to the suspensory ligament can be divided into 
three areas: 1) lesions restricted to the proximal one- 
third (proximal suspensory desmitis); 2) lesions in the 
middle one-third, sometimes extending into the proxi¬ 
mal third (body lesions); and 3} lesions in the medial 
and/or lateral branch (branch lesions). 

Proximal Suspensory Desmitis 

Proximal suspensory desmitis (PSD) occurs in both 
the forelimb and the hindlimb and is diagnosed with a 
combination of clinical examination, ulrrasonographic 
evaluation, and radiography. 42 Nuclear scintigraphy has 
also been used by some investigators. In acute cases, 
there may be localized heat in the proximal palmar meta¬ 
carpal or plantar metatarsal area and, occasionally, 
slight edematous swelling in the region. Pain on palpa¬ 
tion may be observed over the head of the suspensory 
ligament. In longer-term cases there are frequently no 
palpable abnormalities, although some enlargement of 
this region may be appreciated. Lameness may be acute 
or insidious in onset and vary in degree. It may be seen 
as severe after fast work. Lameness in forclimbs usually 
improves within a few days of rest but recurs when work 
is resumed, whereas hindlimb lameness is usually more 
persistent/ 4 Flexion of the distal limb is positive m 50% 
of cases, whereas flexion of the hock accentuates the 
lameness in 85% of hindlimb cases. Forelimb lameness 
is often accentuated on a circle, especially when the lame 
limb is on the outside of the circle, and also mav be 
worse on soft ground. It has been suggested that if local 
infiltration with a small volume of anesthetic (6 ml.) is 
used, the risk of desensitizing the palmar outpouchings 
of the joint is far less than that of using the 20 mL used 
in the experimental study by Ford et al/‘ to Perineural 
anesthesia of the lateral palmar nerve performed just dis¬ 
tal to the accessory carpal hone (and hence the medial 
and lateral palmar metacarpal nerves) should avoid the 
possibility of inadvertent injection into the palmar out¬ 
pouchings of the capsule of the middle and carpometa¬ 
carpal joint. The latter approach is preferred. 


Local analgesic techniques are a critical part of the 
examination, and one must be aware of the relationship 
between the middle carpal/carpometacarpal joint in 
front and tarsometatarsal joint capsules with the proxi¬ 
mal suspensory ligament. Palmar and palmar meta¬ 
carpal (subcarpal) nerve blocks will usually elicit im¬ 
provement, but it may be necessary to perform an ulnar 
nerve block or block a lateral palmar nerve below the 
accessory carpal bone to alleviate lameness. Similarly, 
false-negative responses to perineural analgesia of the 
plantar metatarsal nerves at the subtarsai level arc some¬ 
times obtained, hut lameness can be improved with peri¬ 
neural analgesia of the tibial nerve. Because improve¬ 
ment in lameness associated with PSD is sometimes 
observed after intraarticular analgesia of the carpal or 
tarsometatarsal joints, the clinician must remain aware 
of alternate sources of pain. 

Ultrasonographic abnormalities associated with PSD 
include 1) enlargement of the suspensory ligament in the 
median and/or transverse plane; 2 ) poor definition of 
one or more of the margins of the suspensory ligament, 
especial I v a dorsal margin; 3) a central hypocchoic area 
(well delined); 4) one or more poorly defined hypocchoic 
areas, central or more peripherally; 5) a larger area or 
areas of diffuse decreased echogenicity; and 6) small 
focal hypercchoic areas (usually in long-term cases) or 
combinations/ In the normal horse, the suspensory lig¬ 
ament is usually bilaterally symmetric, so comparison 
with the contralateral limb is helpful. With recent injury, 
the signs may he subtle but can become more obvious 
during the next 2 to 4 weeks. Details on the relative 
occurrence of ultrasonographic changes have been well 
described by Dyson. 42 

Radiographic abnormalities associated with PSD 
occur at the proximal aspect of the third metacarpal or 
metatarsal bones and include sclerosis of the trabecular 
pattern on a dorsopalmar projection, alteration of the 
trabecular pattern dorsal to the palmar or plantar cortex, 
and emhesiophyte formation on the palmar-plantar as¬ 
pect of the bone on a latcromedial view. These radio- 
graphic abnormalities are seen more commonly in hind- 
limbs than forelimbs. 44 Radiographic examination is 
also useful to rule out an avulsion fracture of the palmar 
or plantar cortex of the third metacarpal (metatarsal) 
bone, a palmar cortical stress fracture, or ocher bony 
change. Radiographic abnormalities arc rarely seen in 
acute PSD unless lameness represents recurrence of a pre¬ 
vious injury/ 2 

Many treatments have been used in the management 
of PSD. These include box rest and controlled exercise 
with or without local and/or systemic administration of 
PSGAG, local injection of corticosteroids, or an internal 
blister. 4,1 A report on 29 horses with PSD unassociated 
with any concurrent cause of lameness found that 86% 
resumed full work after box rest, and a controlled exer¬ 
cise program for a minimum of 2 months has been 
made/ * Progressive "filling in” of lesions was detected 
by serial ultrasonographic examinations. Most horses 
with forelimb PSD were rested (box rest and controlled 
exercise) for 3 to 6 months, and it was felt that the speed 
of resolution of the lesions and the total convalescence 
time was proportional to the duration of lameness before 
instigation of treatment. The rate of ultrasonographic 
resolution of a lesion varies and has been suggested to 
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In some instances, there will be no ultrasonographic ab¬ 
normalities despite palpable enlargement with associ¬ 
ated soreness. 

Treatment options are similar for desmitis of the body 
of the suspensory ligament. Usually, lameness resolves 
quite quickly with rest, unless considerable periligamen¬ 
tous adhesions develop. 4 * Such a change warrants a 
guarded prognosis and is more common in hindlimbs. 
I he author has done percutaneous splitting of the branch 
if there is a central core lesion. Controlled exercise pro¬ 
grams and local and systemic anti-inflammatory treat¬ 
ments are recommended. Although lesions will improve 
to some extent during a 3- to 12-month period, quite 
often abnormalities persist for longer than 12 months. 
The total convalescent period depends on the severity of 
injury, but varies from 3 to 12 months. There is appar¬ 
ently a relatively high recurrence, especially in horses 
competing in 3-day events as opposed to l-day events. 4 * 
Tnere are some differences in treatment for suspen¬ 
sory desmiris in general between Thoroughbred and 
Srandardbrcd racehorses. Pin firing and blistering as well 
as splitting tend to be used more in Standardbreds (at 
least in the body of the ligament) than in Thoroughbreds. 
Thoroughbred treatment revolves around anti-inflam¬ 
matory management of the acute lesion followed by a 
controlled exercise program. Newer treatments with the 
injection of bone marrow and shock wave therapy have 
been advocated, bur no controlled studies have been 
published at the time of this writing. 


Desmitis of the Accessory Ligament of the Deep 
Digital Flexor Tendon (Inferior Check Ligament) 

The ALDDFT (subcarpal or inferior check ligament) 
is direct continuation of the palmar carpal ligament and 
joins the DDFT in the midmetacarpus. It provides stabil¬ 
ity to the extended carpus,***' and in the midstance phase 
of the stride, it shares tensile load with the DDIT. 10 ' 
Desmitis of the ALDDFT has been reported to be a fairly 
common injury in pleasure horses, ponies, and show 
jumpers and is less frequent in racehorses and event 
horses. 42 Brief reference was made to the ultrasono¬ 
graphic features of desmitis of the ALDDFT by Genovese 
et al,, 71 bur the first definitive study was in 1991, 42 Des¬ 
miris of the ALDDFT was diagnosed in 27 horses. The 
first observed clinical sign in 4 horses was localized 
swelling in the proximal metacarpus. Twenty horses be¬ 
came lame suddenly during the work period, and most 
developed swelling within 24 hours of exercise. The in¬ 
jury was confirmed by ultrasonographic examination. 
There was palpable enlargement in the region in 24 
horses at the time of diagnosis. In 1 horse there w f as a 
focal central hypoechoic lesion. The remaining 26 horses 
exhibited enlargement in the ALDDFT in transverse and/ 
or median planes. Thirteen horses (48%) had overall dif¬ 
fuse decrease in echogenicity involving the entire cross 
section of the ligament and extending a variable distance 
proximodistally. Four of the 27 horses (15%) had a lo¬ 
calized area of diffuse decrease in echogenicity only in¬ 
volving part of the cross section, and 7 horses (26%) 
had additional hypoechoic or anechoic regions. In 2 
horses the ligament was predominantly hypoechoic or 
anechoic. 


In follow-up, persistent local swelling was a consistent 
feature. Twelve horses (44%) resumed work within 5 
months. Ten horses (37%) resumed full work without 
recurrence of clinical signs referable to the A1.1 )DFT dur¬ 
ing the follow-up period (9 months to 4 years). In the 
2^ horses reported in the study, 18 (66%) were age 10 
years or older, a much higher proportion of older horses 
than the normal hospital population. A separate in vitro 
mechanical study suggests that the clinical occurrence of 
desmitis of the ALDDFT of older horses could be due 
to fibrillar failure caused by differences in the material 
properties of the ligament. It was considered that there 
w as failure of a number of fibers that either fail at lower 
forces or are subject to higher forces than rhe rest and 
that these differences in mechanical properties could re¬ 
sult from age-related differences in the material proper¬ 
ties of the accessory ligament of older horses, similar to 
alterations in collagenous tissue in other species. 15 It was 
also reported that adhesion formation between the 
ALDDFT and adjacent structures can occur but can be 
resolved by treating with phenylbutazone in an attempt 
to “stretch” adhesions; others have used local injection 
of sodium hyaluronate. It is strongly recommended that 
controlled exercise be used rather than pasture turnout, 
and lameness is resolved long before healing is complete. 
The horse's return to work should be based on the results 
of serial ultrasonographic appearance. 

Another report™ confirmed that ALDDFT desmiris 
appears to be more common in older horses used for 
jumping and that owners often did not initially recognize 
the seriousness of the injury. Ultrasonographs examina¬ 
tion revealed either focal or generalized areas of de¬ 
creased echogenicity. Adhesion formation around the 
dorsal compartment of the carpal sheath onto the abax- 
ial margins of rhe SDFT was commonly found at follow¬ 
up. The long-term prognosis appeared guarded. 

More recently, the use of desmotomy of the ALDDFT 
as a treatment was recommended. Dyson 4 ’ and Van den 
Belt et al. 2tH 1 found that of the chronic cases of desmiris 
(longer than 3 months), only 14 to 18% made a full 
recovery. This, coupled with the finding that there are 
age-related changes in the material properties of the liga¬ 
ment, 5 suggested that by relieving strain on the scar 
tissue with desmotomy, the risk of reinjury is reduced 
(the rationale is similar to desmotomy of the ALDDFT 
for SDF tendinitis). These authors propose that desmo¬ 
tomy of the ALDDFT could be used to treat chronic 
desmiris that does not improve clinically and ultrasono- 
graphically after 6 months. Severing the ligament would 
both relieve pain and lameness attributable to stretching 
of the affected tissue and prevent reinjury. 15 A kinematic 
and kinetic analysis after desmotomy showed rhat joint 
angles at midstance were not significantly different from 
those before surgery, and they felt that any instability 
of the limb after ALDDFT desmotomy does not cause 
changes in the locomotion of the horse or in the compen¬ 
satory loading of other structures (changes were found 
in the second part of the stance phase at maximal exten¬ 
sion of the distal interphalangeal joint). A histomorpho- 
logic and ultrasonographic study concluded that healing 
by scar tissue formation of ALDDFT 6 months a her des¬ 
motomy restored a major part of functional strength, 
and although the scar tissue was inferior materially, there 
was an increase in the cross-sectional area of the 
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gastrocnemius and SDF muscles had contracted distally. 
The Thomas splint-cast combination has the advantages 
of stopping further injury and the potential for hemor¬ 
rhage as well as allowing the ruptured muscle ends to 
be in closer apposition. Severe pressure sores as reported 
previously on the proximal portion of the tihia and calca¬ 
neus' * arc less of a problem because the modified 
Thomas splint limits excessive motion within the cast, 
because of the encircling portion of the splint in the in¬ 
guinal region as well as the distal extension encircling 
the foot. 

In the rare instances of rupture of the extensor carpi 
radialis muscle, treatment has not been attempted. 13 The 
animal is still usable. If treatment is considered war¬ 
ranted in an athletic horse, implantation of carbon fiber 
could be considered. 

Degenerative Rupture of Tendons 

Prior damage to a tendon can weaken it to the extent 
that spontaneous rupture can occur with normal tensile 
forces. Typical examples of this situation are rupture of 
tendons secondary to septic tenosynovitis, advanced na¬ 
vicular disease following palmar digital neurectomy, or 
a sequel to repair of severed tendons. Septic tenosynovitis 
(considered below) is associated with high levels of de- 
gradativc enzymes as in septic arthritis. Rather than a 
rupture, it is probably more accurate to describe the pro¬ 
cess as dissolution. 

Rupture of the DDF tendon has been associated with 
the deep flexor tendon being weakened by degeneration 
in proximity to the navicular bone. Following palmar 
digital neurectomy, the horse starts using the limb in a 
normal fashion, adhesions between the deep flexor ten¬ 
don and navicular bone are broken down, and a weak¬ 
ened DDF tendon may rupture. 1 This may occur at a 
variable time following neurectomy. It is uncommon. In 
rare instances, rupture of the DDF tendon may occur in 
association with advanced navicular disease, even when 
neurectomy has not been performed. Rupture of the 
DDF tendon may also follow severe, longstanding sup¬ 
purative navicular bursitis. 

Diagnosis 

Loss of integrity of the tendon is recognized by the 
particular limb conformation and gait (these particular 
signs are discussed in the severed tendons section) (Fig. 
7.116). These signs usually occur after other disease has 
been recognized. 

Treatment 

In most instances rupture due to degeneration is an 
indication for euthanasia. 

Traumatic Rupture of the Suspensory Apparatus 

This is a severe traumatic syndrome that may be due 
to rupture of the suspensory ligament, transverse frac¬ 
ture of both proximal sesamoid hones, or rupture of the 
distal scsamoidean ligaments. It occurs in racehorses. 

Pathogenesis 

The cause is considered to he extreme extension (dor- 
siflexion) of the fetlock while racing or jumping (steeple¬ 
chase)* 
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Figure 7.116 Case of degenerative rupture of deep digital 
flexor tendon Note that the toe lifts off the ground ^vith weight 
bearing 


Diagnosis 

The clinical appearance is characterized by lameness, 
swelling, and sinking of the fetlock. Diagnosis is con¬ 
firmed by palpation and radiology (dorsal displacement 
of intact or fractured sesamoids). Compromise of the 
blood supply can lead to ischemic necrosis of both the 
soft tissues and the hoof, which becomes evident some 
days after the initial injury'. 

Treatment 

Treatment is generally aimed at salvage for breeding. 
Immediate support of the fetlock is required in the form 
of a cast or a special splinting dev ice. Healing is slow 
and problematic. The treatment of choice is performing 
a fetlock arthrodesis, 2 ,205 


Severed Tendons 

Traumatic division of the common and/or lateral digi¬ 
tal extensor tendons of the forelimb and the long and/ 
or lateral digital extensor tendons of the hindlimb is rela¬ 
tively common. In the forelimb, severance usually occurs 
between the fetlock and carpus; in the hind limp, the ten- 
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dons arc usually severed just below the hock. The hind* 
limbs are more commonly affected. In one study on 50 
horses suffering 53 extensor tendon lacerations, 89% 
involved the long and lateral digital extensors of the rear 
limbs. 14 Traumatic division of the digital flexor tendons 
usually occurs between the carpus and the fetlock. 

Diagnosis 

With a severed common digital or long digital exten¬ 
sor tendon, the horse is unable to extend the toe properly 
and may drag the toe or “knuckle over” on it. However, 
if the limb is set under the horse properly, weight can 
be borne normally, A horse that has severed the lateral 
digital extensor in the forclimb or hindltmb will not gen¬ 
erally have a gait deficit. The degree of soft tissue damage 
associated with a severed tendon will depend on the case. 

The clinical signs in terms of limb conformation and 
gait vary with cut flexor tendons, depending tin the struc¬ 
tures involved. If the SDF tendon only is cut, the fetlock 
will drop but not touch the ground <Ftg. 7.117). If both 
SDF and DDF are cut, the fetlock will drop and the toe 
will come up into the air when weight is applied to the 
affected limb {Fig. 7.117), If both the flexors and the 
suspensory ligament are cut, the fetlock may rest on the 
ground, A laceration distal to the fetlock will usually 
involve the deep flexor tendon and the digital sheath, 
and in these cases, the toe turns up when weight is placed 


on the hoof. The type of laceration can vary from a clean 
cut of the tendon to marked tendinous damage <Fig. 
7.118). There will also be variable damage to adjacent 
tissues. In some instances, a small clean cut may be all 
that is observed, which gives the impression of a minor 
wound until the animal moves and the tendons are as¬ 
sessed. If the wound has been present for some time, 
there may be extensive soft tissue swelling and infection. 
Septic tenosynovitis may also be present. 

Treatment 

There is no routine treatment protocol for these cases, 
bur some general principles can be established. In all in¬ 
stances, there should be careful attention to surgical prin¬ 
ciples. with careful cleaning of the wound and debride¬ 
ment. 

Extensor Tendons. With severed digital extensor ten¬ 
dons the wounds are cleaned, debrided, and sutured if 
amenable to primary closure. Debridement should in¬ 
clude the removal of contaminated or unhealthy paraten- 
don. If there is loss of tissue or infection, the wound is 
allowed to heal by granulation. In most cases, the ends 
of the digital extensor tendons are not sutured. Healing 
without suturing can generally be anticipated with sev¬ 
ered extensor tendons. When healing is complete, nor¬ 
mal function can be expected, but more than 6 months 



A 




B 


Figure 7.117 Clinical manifestations of severed digital flexor tendons. A. Severed superficial digital flexor 

tendon B Severed deep and superficial digital flexor tendons. 
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tendon can be healed by cells present in the synovial 
fluid. 1 * 4 

Prognosis 

The prognosis for fresh, uncomplicated cuts of digital 
extensor tendons is favorable. With infection or associ¬ 
ated bone and joint damage, the prognosis becomes 
guarded. Follow-up in a retrospective study in 15 horses 
with extensor tendon lacerations that underwent treat¬ 
ment revealed that 47% returned to their intended use, 
33% returned to limited use. 7% were used for breeding, 
and 13% were euthanized.'* 0 In another study, long-term 
follow - up (> l year) of 40 horses with extensor tendon 
lacerations found that 73% returned to athletic sound¬ 
ness. 1 * Time from injury to treatment did not correlate 
with outcome in one study reviewing outcomes of exten¬ 
sor tendon laceration in 22 horses. 

The prognosis for return to athletic use after flexor 
tendon laceration is generally considered guarded to 
oor, hut two retrospective studies suggest that this may 
e overly pessimistic. In a retrospective review of 24 
cases, Foland et at. reported that nearly 60% of horses 
returned ro riding soundness after flexor tendon lacera¬ 
tions.'* 0 In a second study of 50 horses, 39 of 50 178%) 
horses that were treated were still alive I year or more 
after injury. 1 '' 1 * Twelve of 16 horses that had one or the 
other flexor tendon transected survived, 13 of 16 horses 
that had both tendons transected survived, and 14 of 18 
horses that had partial tendon disruption of one or both 
tendons survived. Of the 39 surviving horses, 27 horses 
returned to their original use, and 32 horses (82%) were 
sound for riding. Nine horses with one or both tendons 
transected were being used for athletic activity. Lacer¬ 
ated tendons were sutured in 16 horses, and 1 5 of these 
survived. Tendons were not sutured in 34 horses, and 
24 of these survived.*When one tendon was transected 
(with or without partial transection of another tendon), 
92% of the survivors could be ridden again, and 50% 
of them were used athletically. When both tendons were 
transected, 69% of the survivors could be ridden, and 
23% were used in athletic activities (including ranch 
work, roping, dressage, cutting, harness driving, 
huming/jumping, and competitive trail riding). The main 
cause of death associated with tendon laceration was 
wound infection. Lacerations that involved the flexor 
tendons and suspensory ligament arc uncommon and arc 
associated with a poorer prognosis; treatment may not 
be warranted except to salvage particularly valuable 
horses. The major cause of residual lameness was as¬ 
sumed to be restrictive adhesions. However, in most 
cases, this was not confirmed by diagnostic nerve blocks 
or ultrasonography. 1 “ In this latter study, the authors 
in general did not suture the tendon if it could not be 
apposed. Laceration involved the digital sheath in 16 
horses, and 10 of these survived. They did not detect 
an association between tendon sheath involvement and 
outcome. Median duration of hospitalization time was 
23 days. Taylor ct al. did not find an association between 
rime of injury to treatment, whereas Foland et al. sug¬ 
gested horses treated within 6 hours of injury had a bet¬ 
ter prognosis. Taylor ct al. agreed that compared with 
primary suture repair, wound care followed by delayed 
suture repair of the tendon might be a better approach 


to treatment of contaminated tendon lacerations. The 
authors noted that while no controlled passive motion 
is possible when a limb is immobilized with a cast, it is 
possible when a board or metal splint is used. In addi¬ 
tion, these horses can be discharged from the hospital if 
their owners are capable of appropriate nursing care. 1 * 
They did point out that when splints are used, it may be 
appropriate to increase the length of time that the limb 
is immobilized to compensate for any adverse effects chat 
early movement may have on revascularization and ten¬ 
don healing. The authors concluded that horses with 
transection of one tendon or partial disruptions of ten¬ 
dons had a good prognosis for return to intended use, 
while those with transection of both flexor tendons have 
a guarded prognosis for return to tendon use. They rec¬ 
ommended primary suture repair or delayed primary su¬ 
ture repair of transected tendons followed by immobili¬ 
zation of the limb for 4 to 6 weeks and continued support 
for another 4 to 6 weeks. 

Tenosynovitis 

Tenosynoviris implies inflammation of the synovial 
membrane of the tendon sheath, hut the fibrous layer 
of the tendon sheath is usually involved as well. The 
condition is manifested by distension of the tendon 
sheath due to synovial effusion. The condition has differ¬ 
ent causes and different clinical manifestations. The var¬ 
ious types of tenosynovitis in the horse are classified here 
as follows: I) idiopathic tenosynovitis, 2) acute tenosyn¬ 
ovitis, 3) chronic tenosynovitis, and 4) septic (infectious) 
tenosynovitis. There is some overlap in this classification 
system, but it seems to be the most appropriate for an 
effective discussion of treatment. 

Idiopathic Tenosynovitis 

Idiopathic tenosynovitis may be defined as tenosyno¬ 
vitis with synovial effusion but without inflammation, 
pain, or lameness. The cause of the condition is vague, 
as indicated by its name. In some instances, foals are 
born with the condition, 20 ** 211 and it is usually associ¬ 
ated with the tendon sheaths of the extensor tendons as 
they pass over the carpus. In the adult, tendon sheath 
effusion without other signs typically develops insidi¬ 
ously, and the most commonly affected sites are the tar¬ 
sal sheath, the digital flexor sheath, and the extensor 
tendon sheaths over the carpus. 

Tenosynovitis of the tarsal sheath is also called “thor¬ 
ough-pin” (Fig. 7.121). The tarsal sheath encloses the 
DDF tendon of the hind limb. Thorough-pin is a morpho¬ 
logic description of the swelling, and while most cases 
are idiopathic synovitis, the presence of other clinical 
signs may cause it to be classified in one of the other 
categories. The term “windpuffs” or “windkalls” has 
been used as a general term to describe synovial swelling 
of various joints and tendon sheaths that docs not cause 
lameness, but it is most commonly used to describe teno¬ 
synovitis of the digital flexor tendon sheath. 

Pathogenesis 

The pathogenesis in new'hom foals is unknown. In 
idiopathic tenosynovitis that develops with time, the 
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tendon can he healed bv cells present in the synovial 
fluid. 1 M 

Prognosis 

The prognosis for fresh, uncomplicated cuts of digital 
extensor tendons is favorable. With infection or associ¬ 
ated hone and joint damage, the prognosis becomes 
guarded, l ollow-up in a retrospective study in 15 horses 
with extensor tendon lacerations that underwent treat¬ 
ment revealed that 47% returned to their intended use, 

* i r *j* . * 0 * • v 


to treatment of contaminated tendon lacerations. The 
authors noted that while no controlled passive motion 
is possible when a limb is immobilized with a cast, it is 
possible when a hoard or metal splint is used. In addi¬ 
tion, these horses can be discharged from the hospital if 
their owners arc capable of appropriate nursing care.'*’ 
They did point out that when splints arc used, it may be 
appropriate to increase the length of time that the limb 
is immobilized to compensate for any adverse effects that 
early movement may have on revascularization and ten¬ 
don healing. The authors concluded that horses with 
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Figure 7.123 A. Septic tenosynovitis being explored B After closure with mstrltation of tubular Ingress lube 

and Penrose dram 

II 


Pathogenesis 

There may he a history of trauma, but this is not al¬ 
ways the case. The occurrence of tenosynovitis in the 
extensor sheath over the carpus has been associated with 
falling or hitting a jump with the carpus. 1 '* Direct 
trauma could be a cause in other sites as well. Acute 
tenosynovitis often develops in association with acute 
tendinitis (tenosy novitis). Other proposed causes include 
friction between opposing parietal and visceral layers of 
the synovial sheath, peritendinous pressure, or acute di¬ 
rect trauma to the tendon and its sheath. 218 In a report 
of 11 cases of tenosynovitis involving the tarsal sheath, 
6 horses presented with cither severe (4), moderate (1), 
or slight 1 11 lameness of sudden onset, and 2 with moder¬ 
ate lameness of gradual onset. Of the other 5, tarsal 
sheath distension occurred gradually in 1, without asso¬ 
ciated lameness. Reported accidents included kicks from 
horses (3 cases) and sudden onset after competition or 
training (2 cases). 41 Proposed causes of acute aseptic 
tenosynovitis in the digital flexor tendon sheath are di¬ 
rect trauma to the digital flexor tendon sheath and strain 
of a flexor tendon, suspensory ligament, or palmar/plan¬ 
tar anular ligament. The proximal portion of the 
sheath is not protected by the anular ligament of the 
fetlock, and thus direct blunt trauma may cause sheath 
contusion and subsequent hemorrhage or herniation. In 
more complicated cases, SDF or DDF tendon or suspen¬ 
sory’Jiga men t injury may cause swelling of these struc- 

-stenosis of the fetlock canal and 

= ! -4- n»~ 


nonspecific signs of chronic tenosynovitis hut not the 
cause. Longitudinal rears of the deep tlexor tendon 
should he considered in the differentia! diagnosis of teno¬ 
synovitis of the digital flexor tendon sheath. 

Diagnosis 

Diagnosis is based on the presence of tendon sheath 
effusion accompanied by acute inflammatory signs. The 
presence of associated tendinitis should be differentiated J 

with sonography. In tenosynovitis of an extensor tendon 
over the carpus, the differential diagnosis may include j 

acute carpitis, hygroma, cellulitis, and synovial hernia. 

Acute septic tenosy novitis is usually characterized by a 
sudden onset of mild-to-scverc lameness associated with 
warm painful effusion of the digital sheath. The disten¬ 
sion is most prominent in the proximal portion of the 
digital sheath bur in also palpable over the palmarodista! | 

aspect of the pastern where the dtsr.il portion of the 
sheath protrudes between the proximal and distal digital 
anular ligaments. Ultrasonographic examination is im¬ 
portant in these cases to define tendon lesions, particu¬ 
larly focal lesions of the DDFT in the case of a digital 
sheath problem. Ultrasonography in also useful, as well j 
as radiology when there is distension of acute tenosyno¬ 
vitis of the tarsal sheath, as 6 of 11 cases reported by 
Dik and Mcrkcns had associated bone abnormalities of 
the sustentaculum tali. Contrast arthrography is useful 
to delineate filling defects and other masses. Unless 
there is an early response to treatment, tcnoscopy may 
he i nr hided 
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The prognosis is favorable it the horse is rested, no 
damage to the tendon is present, and appropriate treat¬ 
ment is commenced immediately. With inappropriate 
treatment, chronic tenosynovitis may develop. 

Chronic Tenosynovitis 

Chronic tenosynovitis is characterized by a persistent 
synovial effusion and fibrous thickening of the tendon 
sheath. It is often accompanied by stenosis within the 
sheath or adhesions between the opposing parietal and 
visceral layers of the tendon sheath and the tendon. 

Pathogenesis 

The condition commonly follows acute tenosynovitis 
that has not resolved satisfactorily, but it can develop 
from trauma that is multiple and minor. Direct trauma 
and/or inflammation can lead to the formation of adhe¬ 
sions. Again, direct tendon damage may also be present. 

Diagnosis 

The clinical signs include a persistent synovial effu¬ 
sion in the affected tendon sheath, generally accompa¬ 
nied by stenosis or adhesions within the sheath. One 
criterion for the diagnosis of chronic tenosynovitis is that 
compromised function is present. In other instances, the 
cases should be classified as idiopathic tenosynovitis. In¬ 
ability to flex the carpus is the most common presenting 
complaint with chronic tenosynovitis of the extensor ten¬ 
don sheaths of the carpus, and pain is not a major factor. 
Long-term tenosynovitis of the digital sheath may follow 
acute effusion that is not resolved completely, may result 
from persistent tendon and ligament injury, or can de¬ 
velop from multiple minor trauma such as recurrent 
overloading. Continuous irritation of the sheath may 
lead to diffuse or nodular thickening of the sheath wall. 
Adhesions reduce sheath capacity and elasticity or steno¬ 
sis of the fetlock canal. The fluctuant swelling is usually 
cold and painless in chronic cases. 4 " Ultrasonography is 
effective in demonstrating digital sheath synovial prolif¬ 
eration and adhesions as well as tendon or ligamentous 
injury. Arthroscopy is a suitable diagnostic and prognos¬ 
tic tool to assess digital sheath and associated flexor ten¬ 
don abnormalities. It also provides an effective technique 
for resection of adhesions in solitary sheath wall prolifer¬ 
ations. 1 ^ As mentioned above, longitudinal tears of the 
digital flexor tendon should be considered in the differ¬ 
ential diagnosis of tenosynovitis of the digital flexor ten¬ 
don sheath. 2 ' 1 The use of contrast radiography as well 
as tcnoscopy can help define the condition in the case of 
chronic tenosynovitis of the tarsal sheath. 

Treatment 

As an initial treatment method, drainage and injection 
of corticosteroids or orgotein can be attempted. In clini¬ 
cal cases unresponsive to drainage and injection and 
where lameness is present, surgical exploration of the 
tendon sheath may be performed. This procedure has 
been generally restricted to carpal extensor tendon 
sheaths. 1 ' 2 21 s In a report of 15 horses with chronic teno¬ 
synovitis of the carpal extensor tendon sheath, the condi¬ 
tion was seen most commonly in horses used for jump¬ 


ing, and penetration of the tendon sheath by thorns was 
the most common cause. Treatment involved surgical 
resection of the hyperplastic synovial membrane and ad¬ 
hesions within the tendon sheath with primary closure. 
When combined with early postoperative physiotherapy, 
this was found to be effective. 1 *" In most instances such 
debridement would be done arthroscopically now. 
Pathologic findings include rupture of the sheath, villous 
synovitis, granulation tissue formation, and adhe¬ 
sions. 1 Peripheral fibers of the tendon may also be af¬ 
fected. The tendon sheath most commonly affected is 
that of the extensor carpi radial is, digital flexor tendon 
sheath, and tarsal sheath. 112 Following exploration, the 
tendon sheath should be closed with synthetic absorb¬ 
able sutures. In one report of 6 cases explored surgically, 
the result was satisfactory in 3. 1,2 In another series of 
two cases, both horses returned to racing. 218 Arthro¬ 
scopic evaluation and treatment have been used increas¬ 
ingly in cases of chronic tenosynovitis of the tarsal 
sheath. In resection of solitary nodular perforations or 
minor adhesions, the results can be very beneficial. In 
20 horses with longitudinal tears of the digital flexor 
tendon causing tenosynovitis, 11 horses became sound 
and returned to work. 23 * If extensive resection of adhe¬ 
sions is required, the prognosis is guarded. 

Septic (Infectious) Tenosynovitis 

Septic tenosynovitis is characterized by marked syno¬ 
vial effusion, heat, pain, swelling, severe lameness, and 
suppurative synovial fluid. 

Pathogenesis 

As in septic arthritis, septic tenosynovitis can result 
from hematogenous, iatrogenic infection, or trauma 
(punctures and lacerations).* 10 The severe inflammatory 
process causes fibrin deposition that can progress 
quickly to adhesion formation. In addition, lysosomal 
enzymes released by the inflammatory process can digest 
the tendon substance. 

Diagnosis 

Septic tenosynovitis is recognized by severe lameness 
with associated tendon sheath effusion accompanied by 
heat, pain, and swelling. The diagnosis is confirmed by 
synovial fluid analysis. The fluid may be serosangui- 
neous or purulent. Protein concentration will be above 3 
g/dL, and the white cell count is generally above 30,000/ 
mm 1 . The temperature may be elevated. 

If the clinical case has not been presented immediately 
the disease may already have progressed to the stage of 
degenerative tendon rupture. 

Treatment 

The principles of treatment are the same as those de¬ 
scribed for infectious arthritis. The use of parenteral 
broad-spectrum antibiotics is indicated, and synovial 
fluid aspiration with irrigation and drainage is usually 
appropriate. As discussed with infective arthritis, the au¬ 
thor tends toward a more aggressive approach, including 
opening the tendon sheath and implanting irrigation de¬ 
vices and drains (Fig. 7.123), Adhesion formation is the 
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most common reason for failure to return to athletic ac¬ 
tivity. 

A retrospective study reviewed 25 horses with septic 
tenosynovitis treated over 7 years to determine clinical 
features ot the disease and response to treatment/ r Sep¬ 
sis was located in the sheath of the digital flexor tendons 
in 22 horses* the extensor carpi radial is tendon in I 
horse, the long digital extensor tendon in 1 horse, and 
the common digital extensor tendon in I horse. Nine 
horses received only medical treatment* usually a combi¬ 
nation of broad-spectrum parenteral!)* introduced anti¬ 
biotics<8 of 9 horses)* NSAlDs (8 of 9 horses)* or irriga¬ 
tion of the wound (4 of 9 horses). Fourteen horses were 
treated surgically with either transection of the palmar/ 
plantar anular ligament of the meracarpometatarsal pha¬ 
langeal joint (5 of 14 horses)* lavage of the sheath after 
insertion of drains into the sheath (7 of 14 horses), or 
both (2 of 14 horses). All horses treated surgically were 
concurrently treated parenteral I y with broad-spectrum 
antibiotics and NSAlDs. Two horses with septic tenosyn¬ 
ovitis were not treated and euthanized at the owner's 
request. 

Five horses were euthanized before discharge from the 
hospital. Two horses (both treated medically) were lost 
to follow-up. Of 18 horses for which follow-up informa¬ 
tion was obtained 6 ro 55 months after discharge. 5 were 
treated medically, 4 returned to their intended use (3 
performance and I breeding), and I was being used for 
breeding rather than for performance as intended. Of 
the 13 horses treated surgically, 6 returned to their in¬ 
tended use (3 performance; 3 breeding), 3 were unable 
to return to their intended use (performance), and 4 
horses used for performance prior to injury were retired 
for breeding. Overall, 18 of 23 horses (78%) for which 
long-term follow-up was available survived more than 
6 months after discharge from the hospital. Ten of these 
(56%) returned to their intended use (6 performance; 4 
breeding)/* 1 Although the small number of horses may 
have limited statistical power* no differences were seen 
between the results of medical and surgical treatment. 
Despite these data (and probably because of low* num¬ 
bers), the authors still choose ro recommend a surgical 
approach in most cases. With regard to lavage ot the 
sheath, a study in horses has revealed that 0.1% povi¬ 
done iodine did not cause synovitis appreciably worse 
than that caused by balanced electrolyte solution. How¬ 
ever, 0.5% povidone iodine and chinrhcxidmc lavage 
(0.5%) caused severe synovitis and should not be* used 
for tendon sheath lavage. 11 In another report, survival 
following treatment of 14 cases of septic tenosynovitis 
was I00%. r *' 

Laceration of a Tendon Sheath 

An acute laceration of the tendon sheath should be 
managed similarly to an open joinr injury. If the wound 
is clean and contamination is not obvious, suturing may* 
be appropriate. If contamination has occurred* debride¬ 
ment and irrigation are performed. Primary closure is 
not generally recommended in these cases. The wounds 
can be left to granulate in, or delayed closure can be 
used. When delay ed closure is used it is generally done 
between 4 and A days postinjury. Depending on the site. 


cast immobilization is often appropriate in the initial 
healing stages. The cast is removed in 7 ro 10 days* and 
a support wrap used. Radical debridement is necessary 
in severe wounds. 

Luxation of Tendons j 

Luxation of the SDF tendon from the point of the 
hock is occasionally seen in the horse. The SDF tendon 
arises from the supracondylar fossa of the femur. To¬ 
ward the distal third of the tibia, it winds around rhe 
medial surface of the gastrocnemius tendon to reach the 
point of rhe hock where it widens out, forming a cap over 
rhe tuber calcis. At this point the SDF' tendon attaches the 
lareral and medial aspects of the tuber calcis by a strong 
band, together w ith the tarsal tendons of the biceps fem- 
oris and semitendinosus muscles. The function of these 
bands is to rerain the SDF tendon in place on the summit 
of rhe tuber calcis. 

Pathogenesis 

Displacement of the SDF tendon results from a kick 
on the point of the hock or powerful muscle contraction 
of the hindlimb when the hock is flexed, as when a horse 
is pulled up suddenly at the gallop. One or both of the 
supporting bands may rupture, and the te ndon slips to 
the side of the tuber calcis. The medial band appears to 
be the wreaker of the two, and displacement occurs to 
rhe lareral side.** 

Diagnosis 

The point of the hock is swollen, and there is excessive 
flexion of the hock joint. The displaced tendon may be 
palpated moving up and down the side of the calcaneus. 
It may regain its normal position on the point of the 
tuber calcis when the hock is exrcnded hut slip>. off again 
when the hoek is flexed. 

T KKATMENT 

Some form of surgical treatment is necessary to re¬ 
place the cap of the superficial flexor tendon onto the 
tuber calcis and retain it in position. A number of meth¬ 
ods have been tried without success. The use of a bone 
plate bent 180 s to act as a tunnel over the SDF tendon 
has been described"*’ Conservative therapy with rest 
from 3 to 6 months was reported to produce a sound 
horse.** It may he that the tendon can become accommo¬ 
dated in its new* position at the side of the calcaneus with 
fibrous tissue forming a channel. However, I fed that 
surgery should be attempted. 

We have successfully operated by repairing the rup¬ 
tured medial band and supplementing this repair with 
synthetic mesh. This technique has also been described 
in the literature. ' Synthetic mesh was overlaid on the 
reconstructed tarsal ligament and sutured to the underly¬ 
ing tissues. A full-limb cast was applied, and removed 
30 days after surgery. The horse withstood race training 
hut did not return to a level of performance consistent 
with that prior to injury. (See Chapter 8, “Luxation of 
the Superficial Digital Flexor off the Point of the Hock," 
for derails.) 
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Lameness 



Parti 


THE FOOT 

Ted S, Stashak 

LAMINITIS 

Laminins has been defined as inflammation of the sen¬ 
sitive laminae of the foot. 2 However, this is a gross over¬ 
simplification of a complicated, interrelated sequence of 
events that results in varying degrees of breakdown of 
the interdigitation of the primary and secondary epider¬ 
mal and dermal laminae in the foot. If the loss of interdi¬ 
gitation is severe enough, rotation and/or distal displace¬ 
ment of the distal phalanx may follow. It is suggested 
that a more appropriate term for laminitis may be acute 
laminar degeneration. 5 * 4 It is believed that rotation of the 
distal phalanx results from a combination of laminar 
degeneration primarily in the dorsal hoof wall and the 
pulling forces of the deep digital flexor tendon (Fig. 8.1). 
If the laminae degeneration is extensive, involving the 
circumference of the hoof wall, the distal phalanx has a 
tendency to sink (Fig. 8.2). 

Although numerous mechanisms for the laminar de¬ 
generation have been proposed, the pathogenesis of lam¬ 
inins remains unknown.' However, the result of the dis¬ 
ease process is thought to include hypoperfusion of the 
digit, leading to ischemia, necrosis, and edema of the 
laminae. 19,5 *’ 4 Affected horses are often in severe pain 
and sometimes must be destroyed because of extensive 
damage to the laminae. Notably, laminar degeneration 
can be associated with systemic metabolic disorders in¬ 
volving the cardiovascular, renal, endocrine, coagula¬ 
tion, and acid-base status. 51 ** 42,95 

Etiopathogenesis 

Proposed causes for acute laminitis include endo¬ 
toxin-induced microthrombosis, alterations in vascular 
dynamics cither by shunting of laminar blood flow 


through arteriovenous anastomoses (AVAs) or by vaso¬ 
constriction and edema, and activated lamellar enzyme 
destruction of the basement membrane. 

Endotoxin-Induced Microthrombosis 

Support for this theory was based on studies in horses 
given a laminitis-inducing starch ration. In these studies, 
investigators found an increase in lactic acid-producing 
bacteria, a decrease in pH, a decrease in the number ot 
gram-negative bacteria, and an increase in endotoxin in 
the coca I contents. Additionally, evidence of cecal mu¬ 
cosal damage was found, and endotoxin was detected in 
the circulation of 85% of horses developing lami- 
nitis. 12,60 

The link between endotoxemia, coagularion dysfunc¬ 
tion, and the formation of microthrombi in the laminae 
is unclear. 21,58 Although there is histologic evidence of 
thrombosis in the laminae of horses with severe laminitis, 
there arc conflicting reports regarding the relation be¬ 
tween coagulation dysfunction and the development of 
acute laminitis. Laboratory indices of coagulation are 
not significantly changed duri ng the earliest signs of lam¬ 
initis, and only mild periodic fluctuations in coagulation 
parameters and platelet numbers have been observed as 
horses progress to Obel grade 3. M,7< ’ In contrast, in one 
study done m ponies, an accumulation of platelets was 
found m the soft tissue distal to the coronary band, 
whole blood recalcification time was shortened, and a 
variable number of microthrombi were present in the 
dermal veins when the ponies became lame. 95 

The results of these studies and the fact that acute 
laminitis has not been caused by administration of endo¬ 
toxin to previously healthy horses suggest that the pro¬ 
posed role of endotoxin as a triggering mechanism in the 
development of acute laminitis remains speculative/*' '* 
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Figure 8.1 Arrows indrcate the various forces thought to 
contribute to rotation of the distal phalanx Left: A, extensor 
tendon: B. deep digrtal flexor tendon. Right: Pull of the deep digitat 
flexor tendon (B') overrides the pull of the extensor tendon (A'}, 
resulting in rotation of the distal phalanx C. 



Figure 8.2 Lateral view of a sinker Note the distal phalanx t$ at 
the same level as the shoe and a cteft can be seen at the coronet 

band (arrow). 


I low ever, although there seems to be a direct causal rela¬ 
tion hervveen endotoxemia and laminins, clinically 
horses that exhibit signs of endotoxemia seem at greater 
risk to develop laminitis,** 4H Also, a strong relation be¬ 
tween certain disease processes and the development of 
endotoxemia and laminitis seems to exist. Disease pro¬ 
cesses often asstxiated with endotoxemia arc gastroin¬ 
testinal problems, metritis, retained placenta, and grain 
overload. In one study, 55% of the horses that developed 
la min iris had gastrointestinal problems. 4 ' 1 


Alterations in Vascular Dynamics 

Shunting Through Arteriovenous Anastomoses 

Shunting of blood through AVAs results in laminar 
capillary hypoperfusion. In scanning electron micro¬ 
scopic studies of corrosion casts of the microcirculation 
of the dermal laminae, more than 5(H) AVAs/cm 2 were 
found in the dermal laminae, w hich may provide a low- 
resistancc conduit connecting the arterial and venous 
systems in the laminar region (Fig. 8,3). 4 Vasodilator 
substances released from organs remote to the foot or 
to neuronal influences may cause prolonged dilation of 
AVAs, and blood flow bypasses the dermal capillary 
beds, resulting tn laminar capillary hypoperfusion and 
ischemic necrosis of the epidermal laminae (Fig. 8.4). 

Vasoconstriction and Perivascular Edema 

Distal limb preparations in ponies and horses have 
allowed investigators to quantify blood flow to and from 
the digit; measure arterial, venous, and capillary pres¬ 
sures; and evaluate capillary permeability by measuring 
lymph flow' and the relative concentrations of protein in 
plasma and lymph in the digit. 3 * 1 , ‘ 1C The results of these 
studies indicated that the dermal microvascular beds of 
a horse's digit are extremely permeable to protein, which 
would tend to favor edema formation. 

With the use of more refined techniques, 1 significant 
increases in digital venous, capillary, and tissue pressures 
and postcapillary resistance to blood flow were observed 
in horses with Obel grade 1 laminitis, 16 to 20 hours 
after carbohydrate overload. Similar changes in capil¬ 
lary and tissue pressures were ohruined after horses were 
administered a black walnut extract. 2 However, no 
change in the microvasculature permeability within the 
foot was observed. These findings suggest an increase in 
the number of capillaries being perfused and an increase 
in the hydrostatic pressure within these capillaries, and 
this could result in the increased movement of fluid from 
the vascular compartment into the inrerstitial tissue. 58 

Further studies found the initial hemodynamic re- i 

sponse during the onset of acute laminitis after either j 

carbohydrate overload or administration of black wal¬ 
nut extract is digital venoconstriction. 4 ** 59 Constriction 
of the digiral veins is believed to increase capillary pres¬ 
sures within the digital microvasculature, which forces 
fluid our into the tissues of the foot. The resulting in¬ 
creased interstitial fluid volume causes increased tissue 
pressure within the noncompliant foot, producing a situ¬ 
ation analogous to eompartmental syndrome. As tissue 
pressure increases, it further reduces the digital blood 
flow, resulting in pressure necrosis or ischemia of the 
tissues (laminae) of the foot. In contrast to this hypothe¬ 
sis, however, nuclear scintigraphic studies of digiral cir¬ 
culation in horses with starch-induced laminitis showed 
increased blood flow caused by increased capillary flow 
and/or increased arteriovenous shunting. sv Conversely, 
horses wirh black walnut (Juglans nigra )-induced lami¬ 
nins had decreased laminar perfusion at the onset of lam¬ 
initis and then had increased perfusion 72 hours later, 
w'hich were demonstrated with nuclear scintigraphy. 11 
Dilation of AVAs in the dermal microcirculation is com¬ 
patible wirh these studies. 

Currently, the cause of laminitis has been suggested 
to involve a malfunction in endothelium-media ted vaso- 
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Figure 8,3 Microcirculation of the sensitive (dermal) laminae. scanning electron microscopical study of the dermal 

(Reprinted with permission from Pollitt CC, Molyneux GS. A microcirculation of the equine foot. Equine Vet J 1990;22:79-87.) 


dilation, leading to enhanced vasoconstriction through 
the L-arginine-nitric oxide (NO) pathway, 8 * 15,37,48 En¬ 
dothelial cells can be stimulated by several agents, such 
as acetylcholine and bradykinin, to release endothelium- 
derived relaxing factor (EDRF), more recently identified 
as NO. NO is a vasodilating agent causing adjacent 
smooth muscle cells to relax. Damage to the endothelium 
from any cause could potentially inhibit the NO path¬ 
way, disrupting the balance between vasodilation and 
vasoconstriction. 50 * 5 5,88 

It has been suggested that only by understanding the 
factors affecting capillary and arteriovenous anasto¬ 
motic flow in the hoof will it be possible to determine 
the various vascular mechanisms involved in acute lami¬ 
nins. 8 1 It is also plausible that the digital vascular 
changes may vary with the inciting cause of laminins and 
with time during the development or prodromal stages 
of acute laminins. 

Activatf.ii Enzymf Destruction of the Basement 
Membrane 

In this theory, dilated lamellar vessels carry circulat¬ 
ing laminitis trigger factors that activate lamellar en¬ 


zymes. These activated enzymes lyse the basement mem¬ 
brane (BM) attachments between the hoof wall and the 
distal phalanx. 71 Because the BM is believed to be the 
key structure bridging the epidermis of the hoof to the 
connective tissue of the distal phalanx, it follows that 
loss of the BM would result in movement of the distal 
phalanx characteristic of laminitis. Evidence for vasodi¬ 
lation during the developmental phase of carbohydrate 
overload-induced laminitis has been supported by ex¬ 
periments. 73,82,89 Activated metalloprotcinases (MMPs 
2 and 9) capable of destroying the lamellar BM attach¬ 
ments have been isolated from normal lamellar tissues 
and were increased in lamellar tissues of horses affected 
by laminitis. 73,75 Streptococcus bovis , the principal mi¬ 
croorganism responsible for the rapid fermentation of 
carbohydrate to tactic acid in the hindgut of horses, has 
been shown to activate equine hoof MMP and to cause 
lamellar separation. 71 It is proposed that an S. bovis trig¬ 
ger factor may be the “missing link’* connecting events 
in thehindgut of the horse with the development of lami¬ 
nitis. 1 An additional feature of damage to the BM is the 
loss of dermal capillaries. 71 The loss of these capillaries 
may explain why resistance to blood flow* was increased 
3.5 times in horses during early laminitis. 5 It is also pro- 
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Figure 8.4 A. During normal function, the AVAs open and close 
periodically, allowing blood to flow through the capillary bed 
Optimum blood flow maintains the health of the dermal and 
epidermal cells and the strength of the bond between the coffin 
bone and the hoof wail. B. As lamlnitis develops, the AVAs can 
remain dilated for long periods, which shunts (diverts) the blood 


away from the capillary bed. Deprived of necessary nutrients, the 
epidermal cells deteriorate. C As laminitts progresses, the primary 
and secondary laminae separate, and the hoof wail tears away 
from the sensitive laminae overlying the coffin bone. Without its 
supportive attachment, the coffin bone can rotate or sink in the 
hoof capsule 
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posed that this increased resistance to blood flow may 
cause the pounding digital pulse and may answer why 
blood bypasses the capillary bed through the dilated 

AVAs. 

Histopathoiogy 

Midhoof wall lamellar sections from horses euthan¬ 
ized 48 hours after the administration of alimentary car¬ 
bohydrate overload revealed disintegration of the base¬ 
ment membrane and a failure of its attachment to basal 
epidermal cells. 70 This is thought to be one of the earliest 
pathologic events to occur in acute laminitis and may be 
the change that results in loss of the laminar interdigita- 
tion. The histopathologic grades I to 3 correlated well 
with lameness degree at the rime of euthanasia. 

Microscopic evaluation of chronically affected digits 
reveals hyperplasia of the epidermal laminae to the point 
that it creates a wedge of tissue of sufficient magnitude 
that it forces the epidermal and dermal laminae apart 
(Fig. 8.5). An epidermal growth factor-mediated re¬ 
sponse may be involved in hyperplastic epidermal re¬ 
sponse. 1 s It is hypothesized that this wedge of tissue is, in 
part, the reason the rotation persists once it has occurred 
chronically.* 0 



Figure 8.5 Sagittal section of me hoof wall of a horse with 
rotation of the distal phalanx. The metal probe is pointing to the 
site of penetration at the sole. Note the wedge of tissue that 
separates the white line from the dermal lamina (arrows). 


Predisposing Factors 

Predisposing or risk factors for the development of 
laminitis in horses include inflammatory conditions of 
the gastrointestinal tract, grain overload, grazing on 
grass during certain months of the year, retained pla¬ 
centa or metritis, pleuropneumonia, endotoxemia or 
sepsis, Cushing’s disease (pituitary pars intermedia dys¬ 
function [PPID]), prolonged weight bearing on one 
limb, and exposure to black walnut wood shav¬ 
ings. u ’ 44 ’ 54,e,v ’ >,s Under cerrain climatic conditions 
(cold nights, sunny days), grasses can manufacture high 
concentrations of fructan (soluble fructose polymer) suf¬ 
ficient to trigger hindgut fermentation and lactic acid 
production in horses, resulting in grass founder/ 4 Other 
less common predisposing factors include trimming 
hooves too short, exercising on hard surfaces, adminis¬ 
tering large doses of corticosteroids, feeding a diet con¬ 
taining estrogens, and allergic reactions to certain medi¬ 
cations. 7,10 Ponies seem to be particularly susceptible. 

Although no association between age, breed, sex, and 
weight has been established for the development of acute 
laminitis, horses younger than 1 year old seem at less 
risk to develop support limb laminitis no matter what 
the cause of the lameness in the contralateral limb/*’ 
Also, horses with chronic laminitis tend to be older, and 
more marcs arc affected/ In a study done on 33 horses 
with duodenitis or proximal jejunitis, horses that 
weighed more than 550 kg w ere more than twice as likely 
to develop bilateral laminitis than were horses that 
weighed less than 550 kg. ,K In another study, body 
weight of horses that had distal displacement of the distal 
phalanx (sinkers) and survived (mean, 384 kg) was less 
than the body weight of horses that had this condition 
and did not survive (mean, 473 kg). m In another study- 
done on 35 horses to evaluate the outcome of deep digital 
flexor tenotomy for chronic laminitis, investigators 
found no correlation betw-een body w r eight and out¬ 
come/ 6 

Clinical Signs 

Acute Laminitis 

Acute laminitis may be subdivided into subacute (mild 
form), acute (severe form), and refractory (unrespon¬ 
sive). Subacute laminitis is a mild form of the disease 
w-irh less severe clinical signs. It may be seen in horses 
that are worked on hard surfaces (road founder), those 
with hooves that are trimmed too short, and those that 
are exposed to black w r alnut wood shavings. Signs of 
subacute laminitis often resolve quickly without perma¬ 
nent laminar damage, and rotation of the coffin bone 
usually does not occur. With the acute form of laminitis, 
the clinical signs are more severe, the disease does not 
respond as rapidly to treatment, and coffin bone rotation 
(movement) is more likely to occur. Horses with refrac¬ 
tory laminitis are those with acute laminitis that either 
does not respond or responds minimally to therapy 
within 7 to 10 days. Refractory laminitis is believed to 
indicate severe laminar degeneration and inflammation 
and usually has a poor prognosis for recovery. 

With acute laminitis, the clinical signs arc often a de¬ 
layed response to the inciting cause. Once clinical signs 
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of laminitis arc present, the clinical course of the disease 
is probably related to the quantity of laminar damage 
that has occurred. Horses with minimal laminar damage 
have milder signs and usually respond quickly to rher* 
apy. Horses with extensive laminar damage have more 
severe signs and either respond less quickly or nor at all 
to medical therapy. 

The subacute form of laminitis can be difficult to diag¬ 
nose in some cases. Clinical signs of mild acute laminitis 
include moderately increased digital pulses; treading of 
the feet (lifting feet incessantly every few seconds); mild 
lameness, detected when the horse is circled; and pain, 
detected over the toe region with hoof testers. Horses 
with subacute laminitis usually have only minor laminar 

* f 

damage. If these horses are treared early, they recover 
completely, and the disease does not progress to the more 
severe acute laminitis. 

The acute (severe form) of laminitis most commonly 
affects both front feet, but all four feet or one foot may 
be involved. When the two front feet are involved, the 
back feet arc carried well up under the body, and the 
front feet arc placed forward with the weighr on the heel 
of the foot (Fig. 8.6). If all four feet are affected, the 
horse tends to lie down for extended periods. When 
standing, the horse often carries its hindfeet well up 
under it and places the forefeet caudally so that there is 
a narrow base of support. If a single foot is involved, as 
a result of supporting weight on that limb (support limb 
laminitis), the horse begins shifting weight to the oppo¬ 
site limb, giving one the impression that the condition 
that leads to the selective weight bearing is improving. 
Additionally, some horses exhibit anxiety, muscle trem- 
bling, increased respiration, and variable elevation in 
rectal temperature. On palpation, heat may be present 
over the hoof wall and the coronary band. An increased 
bounding digital pulse is evident. In acute laminitis cases, 
hoof tester pain may be elicited over the toe region or 
may not be elicited at all. 


Obel clinically characterized and graded the severity 
of lameness by the following criteria*’*: 

Grade 1: Ac rest the horse alternately and incessantly 
lifts the feet, often at intervals of a few seconds. Lame¬ 
ness is nor evident at a walk, but a short stilted gait 
is noted at a trot. 

Grade 2: The horse moves willingly at a walk, but the 
gait is stilted. A foot can be lifted off the ground with¬ 
out difficulty. 

Grade J: The horse moves very reluctantly and vigor¬ 
ously resists attempts to have a foot lifted off the 
ground. 

Grade 4: The horse refuses to move and wilt not do so 
unless forced. 

Chronic Laminitis 

Chronic laminitis is a continuation of the acute stage, 
and it begins at the first sign of movement (displacement) 
of the coffin bone in the hoof capsule. Chronic laminitis 
may be divided into early chronic, chronic active, and 
chronic stable. 42 ' 4 *’ The early chronic stage begins at the 
first sign of movement of the coffin bone (laminar thick¬ 
ening, rotation or distal displacement). It may take days 
to months. Some cases resolve with minimum displace¬ 
ment, whereas others continue to displace and, in some 
cases, distally displace or slough the hoof capsule over 
time. In the chronic active stage, the coffin bone is ro¬ 
tated, remains unstable, and may have penetrated the 
sole (Fig. 8.7). Foot abscesses are common. In the 
chronic stable stage, the coffin bone becomes stable, the 
hoof and sole begin to regrow, and there is usually steady 
clinical improvement. Alterations in hoof growth include 
a dishing of the dorsal hoof wall (Fig. 8.8), a dorsal con¬ 
verging of the hoof wall rings (Fig. 8.9), a seedy toe (Fig. 
8.10), and a dropped sole (Fig. 8.11). All these changes 
are presumed a result of altered vascular supply and a 
loss of laminar interdigitation. Hoof tester response can 


4 * 



Figure 8.6 Typtcal stance of a horse with acute laminitis Note the forefeet are camped out in front. 
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Figure 8.7 A. Severe laminitis with rotation of the distal phalanx Note the semicircular separation of the soie just dorsal to the apex 
and separation at the coronary band (arrows). B. Same horse. of the frog (arrows). 



Figure 8.8 Dishing of the dorsal hoof wall 


be variable during the chronic phases, presumably be¬ 
cause of tissue death and subsequent loss of sensation 
once laminar shearing has occurred. 

Rotation of the distal phalanx can vary from severe 
to mild. Severe rotation may result in separation of the 
coronary hand over the extensor process region, and 
scrum oozes out through this defect (Fig. 8.7A). Fxami- 
nation of the solar surface of the foot may reveal a semi¬ 
circular separation of the sole just dorsal to the apex of 




Figure 8.9 Chronic stable iaminiLs. Note the spaces between 

the rings at the heel are wider than those at the toe. 
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Figure 8,10 “Seedy toe." Note the increased width of the white 
line (while lines). Arrows point to the sole overlying the perimeter 
of the distal phalanx. 


the frog (Fig. 8.7B), indicating that the tip of the distal 
phalanx is beginning to penetrate the sole. 

Horses with chronic laminitis often assume a saw¬ 
horse stance, preferring to pivot on the hindlimbs and 
unweight the forelimbs. At a walk, they may land on the 
heel, followed bv an exaggerated toe slap. This is to be 
expected, since the distal phalanx is not in normal align¬ 
ment within the hoof wall or sole. 

With seedy roe, enough separation of the white line 
may occur to allow infection to penetrate the laminae 
(Fig. 8.10). In humid climates, an infection similar to 
thrush may invade the flaky sole in chronic laminitis and 
destroy all protection of the distal phalanx. 

Horses w ith distal displacement of the distal phalanx 
(sinkers) arc usually severely lame. These patients gener¬ 
ally stand with their limbs vertical to the ground instead 
of camped forward. A depression or cavitation may be 
palpable at the top of the hoof capsule. In some cases, 
serum may drain from an opening at the coronary band. 
In a case-control study of risk factors for rhe develop¬ 
ment of laminitis in the contralateral limb in horses with 
lameness, it was found that horses that develop support 
limb laminitis seem to have a greater risk of distally dis¬ 
placing their distal phalanx rather than of rotating their 
distal phalanx,* 1 * One of the earliest and most reliable 
signs of sinking was a palpable cavitation (depression) 
or the coronary band. Additionally, the duration of lame¬ 
ness was important. The median duration of lameness 
was 6.5 days in the control group (horses that did not 



Figure 8.11 Dropped sole. Note the discoloration of the sole 
dorsal to the apex of the frog (arrows). This discolored area 
corresponds to the dorsal perimeter ot the distal phalanx 


develop laminitis) and 40 days in the laminitis group. It 
was also noted that horses that were recumbent for sev¬ 
eral hours during a day w ere less likely to develop lami¬ 
nitis. 

Horses w F ith pituitary pars intermedia dysfunction 
(PPID) often have repeated bouts of laminitis. Other 
signs seen with the condition include polydypsia and 
polyuria, poor-quality hair coat, and long curly hair coat 
(hirsutism) that fails to shed normally in the summer 
months. Horses may appear obese and have a thick 
“crest y“ neck/ 4, Sj In one report, the average age in 
years for horses affected with PPII) w r as 19 to 20 (range, 
15 to 40). 784 

Diagnosis 

The diagnosis of laminitis is based on clinical signs 
and radiography, and only occasionally is diagnostic 
local anesthesia used. Local anesthesia of the palmar 
nerves at the abaxial surface of the proximal sesamoid 
bone region or a pastern field block should eliminate the 
lameness in horses with acute laminitis (sec Fig. 3.92). 
Occasionally, however, a horse w F irh chronic laminitis 
will not block out completely with foot desensitization. 
This may result from remaining upper limb muscle 
pain. 

Radiographs should be taken at rhe first sign of acute 
laminitis to serve as a baseline for subsequent radio- 
graphic comparisons and to determine if preexisting ra¬ 
diographic changes suggestive of previous laminitis are 
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present. A metal object can be taped to the dorsal hoof 
wall to help identify it and a thumbtack can be placed 
at the apex of the frog if the use of frog support is planned 
(Fig. 8.12). Early radiographic signs suggestive of larni- 
niris include mild bony reaction along the dorsal aspect 
of the distal phalanx <P3) (Fig. 8.13) and widening of 
the distance between the distal phalanx and the dorsal 
hoof w r ali (Fig. 8.14). 53,64 This distance should be less 
than 18 mm (mean, 14.6 mm) in normal horses or less 
than 30% of the palmar length of the distal phalanx 
measured from the tip of the bone to its articulation with 
the navicular bone. 13 Thickness of the soft tissue should 
be divided by the palmar (solar) cortical length of the 
distal phalanx to correct for effects of radiographic mag¬ 
nification. An increase in this distance suggests hemor¬ 
rhage, laminar swelling, and edema. In a radiographic 
study done on clinically normal Mammoth donkeys, a 
periosteal reaction on the dorsal surface of P3 was found; 
it was also noted that the mean distance from the dorsal 
aspect of P3 to the hoof wall were 22 to 23 mm for the 
forefeet and 20 to 21 mm for the hindfcct.' M Palmar or 
plantar rotation of the distal phalanx away from the dor- 



Figure 8.12 Lateral view of a metal object taped to the dorsal 
hoof wall and a thumbtack placed at the apex of the frog. 



Figure 8.13 Arrow indicates bone reaction on the dorsal 
surface of the distal phalanx. 



Figure 8.14 Measurement of the distance between the dorsal 
surface of the distal phalanx and the dorsal hoof wall. 



Figure 8. IS Lateral view of palmar rotation of the distal 
phalanx. Note the gas line (white arrow), the resorption of the tip 
of the distal phalanx, and the bone reaction on the dorsal surface 
of the distal phalanx (black arrow). 


sal hoof wall confirms the diagnosis of laminitis (Fig. 
8.15). The mean palmar and plantar rotation of the dis¬ 
tal phalanx in normal horses is reported to be 0.5 ±1.3 
and less than 4°. If no abnormalities arc detected on ini¬ 
tial radiographs, hut clinical signs of laminitis do not 
subside in 10 to 14 days, rotation or distaj displacement 
of the distal phalanx is likely to occur. Serial radio¬ 
graphs, therefore, should be taken to monitor rhe pro¬ 
gression of the disease and to determine the success of 
selected treatments. 

With distal displacement of the coffin bone, radio¬ 
graphs may show' a soft tissue separation (seen as a paral¬ 
lel line) along the coronary band on the dorsopalmar 
and lateral views (see Figs. 8.2 and 8.16). On the lateral 
radiographic view, one can make an estimate of the dis- 
laccment by measuring the distance from the coronary 
and to the proximal limits of the extensor process. A 
metal object can be placed at the coronary band to help 
identify it. An objective radiographic method to deter¬ 
mine whether a horse has “sunk” within the hoof wall 
has not been developed. Additionally, distal displace¬ 
ment and rotation of the distal phalanx can occur con¬ 
currently, making objective assessment of both difficult 
radiographically. In one study, results of radiographic 


Copyrighted material 









Hidden page 



Hidden page 



656 Adams' Lameness in Horses 


NITRO-BID* OINTMENT 2% 

(nitroglycerin ointment USP) 


| Wi 1* i 1V| 2*j 2V| 


DOSE MEASURING 
A APPLICATOR 


Figure 8.17 A, Dose-measuring applicator lor 
nrtroglyceon. B Dose applicators heW in place in 
the pastern region by elastic tape 



laminitis experimentally in horses with carbohydrate 
overload . 20,4 * One retrospective study did not find a ben¬ 
efit of heparin in preventing laminitis in horses with dis¬ 
eases of the small intestines. 11 In another study in which 
horses with duodenitis and/or proximal jejunitis were 
evaluated, laminitis was found to be significantly re¬ 
duced when horses received heparin prophylaxis. 1 H Cur¬ 
rently, we are using heparin primarily as a preventive 
measure in horses at a high risk for developing laminitis. 

Miscellaneous Medical Treatments 

Methionine and Biotin Supplements 

Dietary supplementation of methionine and biotin to 
improve the quality and quantity of hoof growth may 
also be used to treat laminitis. Supplementation of di¬ 
etary biotin at a dose of 15 mg/day has been shown to 
increase growth rates and hardness of hooves in normal 
horses. 1 * Supplementation of biotin is probably unim¬ 
portant in the initial treatment of acute laminitis, hut it 
may be useful in the long-term management of horses 
recovering from laminitis. 

Thyroid Hormone Supplements 

Although no scientific basis of support exists for its 
use, thyroid hormone supplements are still used in some 
horses suffering from chronic laminitis. Either iodinated 
casein or direct oral replacement is recommended. Of 
the two, direct oral replacement with 6 to 10 of the 5- 
grain thyroid tablets per 450 kg is preferred. 2 This treat¬ 
ment seems most beneficial in horses with a hypothyroid 
phenotype (large cresty neck, with fat deposits over the 
rump and back) or in horses that gain weight rapidly. 54 
It has been reported that the hormone not only reverses 
the signs of laminitis but also maintains the laminae in 
a sound state. 4 * 

Dopamine Agonists or Serotonin Antagonists 

Horses with PPID (Cushing's disease) that exhibit 
laminitis are often refractory to routine treatment. Medi¬ 
cal management of these cases involves the use of eirher 
dopamine agonists or serotonin antagonists. Bromocrip- 



Figure 8.18 Rockenng the toe ol the hoot 


tine and pergolide are the two most commonly used do¬ 
pamine agonists. The dose of pergolide is 1 to 5 trig/ 
horse. The clinical response usually takes 3 to 4 weeks. 
Cyproheptadine inhibits ACTH secretion from the pars 
intermedia through the antiserotonin pathway. Doses 
range from 0.25 mg/kg daily; some horses require 0,36 
mg/kg 2 times a day before changes in the clinical signs 
are observed. In horses requiring high doses, it is recom¬ 
mended that the dose be reduced after 30 days as long 
as the clinical response remains favorable. One study 
found that PPID horses treated with cyproheptadine 
were more likely to show improvement in the laminitis 
than those treated with pergolide. 

Hoof Care or Correcfivo Trimming, 
Confinement, and Shoeing 

Trimming and Confinement 

The only trimming that should be done at the first 
examination of an acute laminitis case is to rocker (bevel) 
the toe of the hoof w'all to approximately 15 to 20° (Fig. 
8.18). This can be done w r ith hoof nippers or a rasp.'’' 
Hoof testers are used to determine how far back from 
the toe the rocker should extend into the sole. The rocker 
is begun dorsal to the painful region in the sole. Rock* 
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Figure 8.20 Styrofoam pad. 2 inches thick (Equine Digit 
Support System. Inc., Columbia Falls. MT)_ 


port, 3M custom foam, roll gauze, or a roll of Vetwrap. 
One study comparing phenylbutazone, Lily pads, and 
trimming on expressed pain in horses with chronic lami- 
ntets found that Lily pads did not reduce expressed pain 
and that, tn some cases, they increased the pain signifi¬ 
cantly,** 0 

Alternatively, a 2-inch-thick Styrofoam pad, which is 
roughly the diameter of the bottom of the foot, can be 
used to provide support to the frog and to the caudal 
one-half to two-thirds of the foot underlying the distal 
phalanx (big. 8.201, 6 *'* Before the Styrofoam pad appli¬ 
cation, the toe 1 *4-inch in front of the frog is slightly 
rockcrcd to enhance breakover (Fig, 8.18). Duct tape is 
then used to attach the pad to the bottom of the foot, 
after which the horse is allowed to bear weight on the 
limb. After 24 to 48 hours, the pad compresses to a thick¬ 
ness of \ inch. It is then removed. Hoof testers are then 
used to identify the painful regions on the sole after 
which the compressed pad is trimmed to fit the foot so 
it is V* inch behind the painful region. The compressed 
pad is then attached to the foot w r ith tape, and a new 
Styrofoam pad is applied on top of it as previously de¬ 
scribed. This process is repeated and continued until the 
horse is comfortable and stabilized. Generally, horses 
with acute laminitis require 3 to 4 compressed layers of 
Styrofoam trimmed and fitted to the caudal sole of the 
foot before they are comfortable. After the horse be¬ 
comes comfortable, it can be placed in the Equine Digit 
Support System (EDSS) shoeing (discussed under 
“Shoes,” below). 6 Generally, corrective shoeing is only 
considered after acute digital pain and inflammation 
have subsided. 

Shoes 

Therapeutic shoeing plays an important roll in the 
treatment of laminitis. The types of shoes that are used 
most commonly include heart bar shoes (nonad]useable 


and adjustable), reverse shoes with pads, egg bar shoes, 
shoes with pads, elevated heel shoes, and EDSS 
shoes. 1 Plastic shoes have also been advo¬ 
cated. 

The heart bar shoe is basically a bar shoe with an 
extended V-shaped frog plate (Fig. 9,81). It is designed 
to apply pressure to the frog, thus supporting the distal 
phalanx. To be effective, it should extend dorsally (for¬ 
ward) to cover at least the caudal two-thirds of the length 
of the distal phalanx. This shoe is difficult to make and 
apply properly, and it has received mixed reviews w f ith 
regard to its benefit in the treatment of laminitis. In one 
study, however, it was shown that heart bar shoes im¬ 
prove blood flow though the dorsal artery to the dorsal 
laminae of the foot in in vitro studies. 7 * Presently, we 
find limited use for this shoe. 

Elevating the heel decreases the pull of the DDFT and 
appears to improve the blood flow to the dorsal laminae 
though the dorsal artery of the foot. 72 An 18* heel w r cdgc 
has been recommended (Figs. 8.21 and 8.22). 7 ~ Elevat¬ 
ing the heels should minimize the physical tearing of the 
susceptible laminae during the acute stage of the disease 
and thus potentially decrease the amount of movement 
of the distal phalanx within the hoof wall. 

The EDSS shoes can be applied once the acute case 
of laminitis has stabilized. 6 A major objective when ap¬ 
plying these shoes is to transfer the weight bearing to the 
palmar aspect of the foot underlying the distal phalanx. 
These weight-bearing structures include the sole, frog, 
and bars. For this to be done, the foot is trimmed, to 
derotate it, from the widest part of the foot back to the 
heels (Fig. 8.23). Lateral radiographs are taken to docu¬ 
ment the degree of rotation and to determine the amount 
of heel to be removed to provide a normal alignment of 
the sole and distal phalanx. After hoof preparation, hoof 
testers arc applied to identify the painful regions of the 
foot. Painful regions are usually found in the dorsal one- 
third of the sole dorsal to apex of the frog. After this, a 



Figure 8.21 Redder boot with ultimate wedge set (obtained 
from R. F. Redden. Box 507. Versailles. KY 40383) 
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Figure 6.25 Laletai view ol suoiuxabon ot the coftin joint after 
DDFT tenotomy, (Courtesy ol Dr. F W Nickels ) 


distal phalanx is recommended and can offer even pene¬ 
trated lamininc horses a chance for full recovery. 

DDFT tenotomy in the midmctacarpal region is the 
preferred technique. The tenotomy can be done in the 
standing sedated horse (most common) or under general 
anesthesia, and it can be repeated. The foot is derotated 
so a norma! alignment of the sole and distal phalanx 
exists (Fig. 8.23). The procedure, if done property, rees¬ 
tablishes the weight-bearing forces of the hoof under¬ 
neath the distal phalanx. Radiographs are necessary to 
assist in the derotation procedure. Once the radiographs 
have been taken and the amount of heel to be removed 
is determined, the foot is trimmed from the widest part 
of the hoof palmar, so that the frog, bars, and sole are 
loaded equally. Because DDFT tenotomy causes sublux¬ 
ation of the coffin joint and hyperextension of the digit, 
an extended heel shoe is often used for palmar heel sup¬ 
port (Fig. 8.25). Alternatively, an FDSS shoe with wedge 
rails (our preference) can be used (Nickels FA, personal 
communication, 1999 The shoe is held to the foot 
with hoof acrylic or cast material or nails in a position 
to support the palmar foot region and to create 
breakover just dorsal to the apex (tip) of the frog. A two- 
part impression material is applied to the bottom of the 
foot underlying the distal phalanx and, in some cases, is 
used to help hold the shoe away from the hoof to dero¬ 
tate the foot properly (Fig. 8.26). Wedge rails (medium 
height most common) are applied to the shoe to elevate 
the heels, thus preventing the subluxation of the coffin 
joint that occurs after DDFT tenotomy (Fig. 8.27). The 
rails also reduce rhe stress on the DDFT while it heals 
and maintains the weight-hearing load in rhe heel region 
(Nickels FA, personal communication, 1999). 7h The rails 
are left on for at least 4 months, after which a smaller 
wedge rail is used for another 2 to 3 months (Nickels 
FA, personal communication, 1999). The horse is reshod 
when the hoof has sufficiently grown and requires trim¬ 
ming. 

Complications associated with the tendon healing site 
include swelling, jsain, fibrosis, and, occasionally, ten¬ 
don contractu re The use of support bandages for at 


I m im (HI | 

Figure 8.26 Two-pan impression material is being used to hold 
the shoe away from the hoof. (Courtesy of Dr F. W Nickels.) 



Figure 8.27 Lateral view of the use of the rails to prevent 
suttuxatjon of the coffin joint after DDFT tenotomy (Courtesy of 
Dr. F. W. Nickels ) 


least 8 weeks reduces the local swelling and excessive 
fibrosis and ensures a more cosmetic and functional re¬ 
sult. Stall rest and controlled exercise arc important dur¬ 
ing the healing period. Ulrrasound may be used during 
the healing period to document its progress. Tendon con¬ 
tracture after tenotomy is usually a result of passive con¬ 
striction of the scar as a result of unweighting the limb 
because of chronic pain. Recurring infection of the digit 
is often the cause for the recurrent pain, and prompt, 
aggressive treatment often can reduce this complica¬ 
tion. 62 

DDFT tenotomy in the pastern region has also been 
used, and general anesthesia is recommended, 4 An ex- 
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tended heel shoe is needed after this surgery for a period 
of K to 12 weeks. Although the initial reports of the 
outcome of this procedure were favorable, our limited 
experience with it did not result in a favorable outcome. 
As a result, we rarely sec an indication for doing the 
tenotomy in the pastern region. 

One study evaluating the effect of DDFT tenotomy 
as a treatment for chronic laminitis in 35 horses (midmet- 
acarpal, 30 horses; pastern, 5 horses) found that 27 of 
35 (77%) horses were alive 6 months after surgery and 
that I 9 of 32 (59%) horses were alive for at least 2 years. 
Of the horses that were living at 2 years, their average 
survival time was 4.5 years. Body weight and Obel grade 
of lameness had no effect on the 6-month or 2*ycar sur¬ 
vival rate. Of the horses in this study, 10 became sound 
enough for light riding, and there was no correlation 
between the Obel grade of lameness and the degree of 
rotation and the ability to be ridden.Another study 
evaluating the effect of DDFT tenotomy in the midmeta- 
carpal region of 9 horses with severe laminitis with com¬ 
plications such as intense pain, rotation of more than 
15°, penetration of the sole, and/or evidence of infection 
of the sole or distal phalanx, found 9 of 9 horses were 
still alive/’" Six of the nine horses have survived more 
than 1.5 years, and the other three are convalescing. Four 
of the nine horses were able to be used for pleasure 
riding. 


Hoof Wall Resection 

Removal of the dorsal hoof wall is not recommended 
in horses with acute laminitis. Dorsal hoof w all resection 
is reserved for horses with chronic laminitis when there 
is a physical separarion between the insensitive and the 
sensitive laminae (Fig. 8.28). The value of hoof resec¬ 
tion has been questioned, and documentation of a clear 
benefit is lacking. 



Figure 8.28 Extensive hoot wall resection Note the elevated 
heel shoe is held m place by sheet metal screws that are placed 
through holes in metal extensions. The metal extensions were 
welded to the shoe. The hoof wait below the coronet band also 
had to be resected 



Figure 8.29 Chronic laminitis for which coronary grooving was 
used (Courtesy of Dr G M Baxter.) 


Coronary Grooving 

Coronary grooving (Fig. 8.29 has been advocated to 
promote dorsal hoof wall growth in horses with chronic 
laminitis that are exhibiting abnormal (slower) growth 
in this region. “ In this technique, a motorized rotary 
burr is used to create a 20-cm-widc groove in the hoof 
wall parallel to the coronary band. The groove is begun 
1,5 cm distal to the hair-periople junction and extends 
from the center of the lateral quarter to the center of the 
medial quarter. The groove is deepened until the soft 
translucent horn is reached. Sedation is usually all that 
is needed. As an alternative, a hoof rasp can be used to 
create this groove (Ovnicek G, personal communication, 
1998). In a controlled study in which the effect of coro¬ 
nary grooving and no grooving in horses with chronic 
laminitis that had abnormal hoof growth was evaluated, 
investigators found a significant increase in the dorsal 
hoof wall growth compared with that of control subjects. 
The grooving was done in conjunction with corrective 
trimming. '* It was hypothesized that grooving the dorsal 
hoof wall relieves the external pressure on the dorsal 
coronary curium and restores the blood supply, thus pro¬ 
moting hoof w r all growth. Although the grooving tech¬ 
nique increased hoof wall growth, no difference existed 
in clinical improvement between the groups. 

Prognosis 

Predicting the prognosis and survival of horses with 
acute laminitis can be difficult. It has been reported pre¬ 
viously that the amount of rotation of rhe distal phalanx 
can he used to predict the prognosis of horses with lami¬ 
nitis. 8 * It was found that the majority of horses with less 
than 5.5° rotation returned to former athletic function, 
whereas those with more than 11.5° rotation lost their 
use as performance animals, although some could be 
used for breeding. In another study, the degree of rota¬ 
tion or distal displacement of the distal phalanx observed 
on radiographs did not correlate with the outcome of 
the horses. The clinical assessment of lameness severity 
based on Obel grades 1 to 4 was a more reliable means 
of determining the final outcome. It was recommended 
that lameness severity take precedence over radiographic 
findings in predicting the prognosis of horses with lami- 
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nitis. This suggests that lameness severity in horses with 
laminitis probably correlates with the severity or quan¬ 
tity of permanent laminar damage that has or is likely 
to occur. In another study, body weight, Obel grade of 
lameness, and degree of distal phalangeal rotation did 
not appear to be factors in the survival of horses with 
chronic laminitis that had a DDFT tenotomy. 26 

The response to therapy may also be a predictor of 
the quantity of laminar damage that has occurred and, 
thus, the probability of resolving the problem,* The 
quicker a horse responds to appropriate therapy, the less 
laminar damage occurs and the better the prognosis for 
recovery from the episode of laminitis. Horses that re¬ 
cover from laminitis, however, seem more susceptible to 
recurrent episodes of laminitis. 

It has been suggested that digital venograms are help¬ 
ful in defining disruption of the vascular architecture 
and, therefore, may be of help in determining prognosis, 
especially early in the course of the disease. A tourni¬ 
quet is applied after the limb is prepared, and 30 ml. of 
intravenous contrast medium is injected into the digital 
vein. 1 have no experience using this technique for the 
assessment of chronic laminitis cases. 

Owners should be informed that the damage to the 
laminae is not completely reversed, only repaired, and 
thus affected horses are more likely to develop laminitis 
again than horses that have not had previous laminitis. 
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NAVICULAR SYNDROME (NAVICULAR 
DISEASE OR NAVICULAR REGION PAIN} 

Navicular syndrome remains one of the most contro¬ 
versial and common causes of intermittent forelimb 
lameness in horses between 4 and 15 years of 
age. 1 * 29 * 49,5 It is estimated that the syndrome is responsi¬ 
ble for one-third of all chronic forelimb lameness in 
horses.* In North America, male Quarter Horses and 
Thoroughbreds, particularly geldings, seem at greatest 
risk, whereas the syndrome is rarely diagnosed in ponies 
or Arabian horses/ ' Although the hindlimbs can be af¬ 
fected, it is predominantly considered a problem of the 
forelimbs. 

The syndrome has been shown to have a hereditary 
predisposition, which is perhaps related to conforma¬ 
tion. ’• Factors such as faulty conformation, hoof imbal¬ 
ance, improper or irregular shoeing, and exercise on hard 
surfaces arc believed to predispose and to aggravate the 
condition, 3 ’* 49,5 The exact cause remains unclear, al¬ 
though two schools of thought prevail: One is that it 
is a vascular problem, and the other is that it is of a 
biomechanical origin. 1 * 

Although not all would agree, the term “navicular 
syndrome" should be used to describe the complex etiol¬ 
ogies and pathogenic mechanisms involved in the pro¬ 
duction of clinical signs associated with the navicular 
region, in that the term “disease” implies a known cause 
and a specific treatment. ^ Note that not all lameness 
associated with the palmar aspect of the hoof should be 
labeled the navicular syndrome and that this term should 
be reserved for chronic bilateral forelimb lameness that 
fit a specific set of diagnostic criteria. 4 “ In my opinion, 
pain elicited with hoof tester pressure over the central 
and, occasionally, the cranial one-third of the frog re¬ 
mains an important diagnostic criteria. 

Etiology 

Interruption of the blood flow to and from the navicu¬ 
lar region has been proposed as a contributing factor in 
the development of navicular syndrome.** 9,2 * Thrombo¬ 
sis of the navicular arteries within the navicular bone, 

E artial or complete occlusion of the digital arteries at the 
:vel of the pastern and fetlock, and a reduction in the 
distal arterial blood supply as a result of atherosclerosis 
of these vessels, resulting in ischemia, were thought to 
be the cause of navicular syndrome. 1 '’ ; ' These opinions, 
however, lack support. Attempts to induce the navicular 


syndrome by ligation of the medial palmar digital arter¬ 
ies, 4 * by bilateral ligation of the palmar digital arter¬ 
ies, 1 ‘ by bilateral neurectomy and ligation of the digi¬ 
tal arteries, 44 and by occlusion of the ramus navicularis 
arteries and branches 41 failed to produce lasting clinical 
radiographic or pathologic changes of navicular syn¬ 
drome. 

Further refuting the interruption of blood flow hy¬ 
pothesis arc other studies in which the following are 
used: fluorescent bone-labeling techniques and microra¬ 
diography in navicular syndrome cases, which have 
shown an increased rate of bone remodeling and in¬ 
creased vascularization. 1 ’ The increased vasculariza¬ 
tion was a combination of active arterial hyperemia and 
passive venous congestion. The increased vascularity is 
seen primarily under the palmar flexor cortex, and the 
central and peripheral blood vessels are more dilated. 
Obstruction of the venous outflow results in congestion, 
increased bone marrow pressure, and pain. 39 * 51 Propo¬ 
nents of biomechanics as a cause of navicular syndrome 
believe that the degenerative changes observed within the 
navicular bone result from nonphysiologic forces exerted 
on the navicular bone and its supporting liga¬ 
ments. 4 iv ,3 * 39,53 Tension acting through the deep digital 
flexor tendon (DDFTI is believed important because it 
compresses the navicular bone dorsally against the distal 
and the middle phalanges. While the horse walks, the 
peak forces on the navicular hone approximate 0.67 X 
body weight and occur during 70 to 75% of the stance 
duration. When the horse moves at a slow trot, the peak 
compressive forces of the DDFT on the navicular bone 
are approximately 0.77 x body weight and occur at 
approximately 65 to 70% of the stance phase duration. s ' 
In an in vitro study, done in normal horses, pressure- 
sensitive film was used to document contact load be¬ 
tween the articulations of the navicular bone and the 
distal and the middle phalanges when the horse’s limbs 
were placed in dorsiflexion (extension). In this study, 
researchers found that the contact load increased signifi¬ 
cantly on the articulations between these bones when 
the phalanges were extended as occurs during the stance 
phase of the stride, 4 Additionally, the navicular iiga- 
menrs arc tensed in the normal horse as the hoof breaks 
over at the end of the stance phase. These ligaments arc 
under excessive tension and possibly compression when 
the hoof-pastern axis is broken backward as with a long 
toe and an underrun heel conformation. 4 * Also, the 
forces applied to the navicular region are influenced by 
body weight, conformation, and use. Factors such as ex¬ 
cessive body weight, small feet, upright pastern angles, 
hoof imbalances, and work on hard surfaces are likely 
to increase the forces per unit area of the hoof and bone. 

In a proposed unifying theory of the pathogenesis of 
navicular syndrome, faulty conformation and hoof im¬ 
balance resulting in abnormal biomechanical forces are 
considered the main etiologic factors in this biomechani¬ 
cal disorder. 39 In a majority of horses, these forces fall 
within normal range. With minor conformational abnor¬ 
malities and hoot imbalances, these forces remain in 
physiologic ranges, which serve to stimulate remodeling 
of the navicular bone and probably the supporting liga¬ 
ments and DDFT. When the conformational abnormali¬ 
ties are severe, nonphysiologic forces exerted primarily 
on the distal third of the flexor cortex of the navicular 
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Figure 8.34 A. Application of the hoof testers to apply pressure 
over the central one-third of Ihe frog, Note the testers are placed 
at a slight oblique angle. This placement is important, particularly 
for low-heeled horses, for it allows the examiner to apply pressure 
to the navicular region. If the tester is applied perpendicular to the 


long axis of the hoof, the frog will be sheared rather than 
compressed 8. Application of the hoot tester over the cranial one- 
third of the frog Pam elicited from this site may be from the 
attachment of the DDFT to the distal phalanx or from subchondral 
bone pam from the distal phalanx.'^ 


Diagnostic Procedures 

Perineural anesthesia of the palmar digital nerve (i.e,, 
palmar digital nerve blocks |PDNBs|) axial and distal to 
the proximal limits of the collateral cartilages is believed 
to be important in localizing the site of pain to the palmar 
aspect and the bottom of the foot region (see Fig. 3.91). 
Blocking the nerves distal to the proximal limits of the 
collateral cartilage is done to avoid desensitizing dorsal 
nerve branches that may be present close to the proximal 
limits of the collateral cartilages. Horses affected with 
navicular syndrome should show a significant improve¬ 
ment (80 to 90%) in their lameness. 4 ’This block is not 
specific for navicular region pain, however. In a study 
done to clarify the predictive value of various tests for 
navicular region pain, the PDNB had high predicative 
value, but its ability to detect only the disease in question 
(specificity) was 0%. SH Further demonstrating the lack 
of specificity of the PDNB was a srudy done with scintig¬ 
raphy to investigate the site of lameness in 164 horses 
that blocked out with a PDNB, but that had negative or 
equivocal radiographic changes. 41 In that study, causes 
of lameness included 

1. Stress reaction or stress fracture of the distal pha¬ 
lanx (41 cases, primarily racehorses) 

2. Subchondral trauma or remodeling of the DIP joint 
(20 cases, primarily in non racehorses) 

3. Navicular syndrome (39 cases) and a combination 
of navicular syndrome and subchondral trauma of 
the DIP joint (19 cases) (for a total 58 cases) 

4. Osteoarthritis of the phalangeal joints (13 cases) 


5. Soft tissue inflammation (6 cases) 

6. Laminitis (4 cases) 

7. Distal phalanx wing fractures (4 cases) 

8. Dorsal distal phalanx (P-3) trauma (3 cases) 

9. Midsagittal proximal phalanx fractures and collat¬ 
eral cartilage injury (2 cases each) 

10. Proximal middle phalanx trauma, navicular bone 
fracture, distal phalanx solar margin fracture, and 
an extensor process fracture (1 case each) 

In a study done to evaluate the effects of PDNBs on 
kinematic gait analysis in horses with (7 horses) and 
without (5 horses) navicular disease, investigators found 
that in normal horses the only significant change was an 
increase in the maximum extension of the fetlock joint 
at the midstance phase of the stride. In horses with navic¬ 
ular disease the mean maximal extension of the fetlock 
during the stance phase of the stride and the maximum 
flexion of the carpal joint during the swing phase of the 
stride were significantly increased after PDNB. Interest¬ 
ingly, the total stance phase, cranial stance phase, and 
breakover duration were significantly shorter.*’ 1 In an¬ 
other study evaluating the affect of PDNBs on experi¬ 
mentally induced coffin joint synovitis, investigators 
found a significant reduction in tameness 15 minutes 
after the administration of 3 mL of local anesthetic 
placed subcutaneously over the lateral and medial pal¬ 
mar digital nerves just proximal to the heel bulbs. 2 J 
Their conclusion was that PDNBs done as described in 
this reporr could not differentiate coffin joint pain from 
navicular pain or sole pain or other causes of palmar 
heel pain. It is for this reason that wc recommend rhe 
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Figure 8.41 Osseous fragment in the impar Ugament (arrow) 
(Courtesy of Dr Barbara Kaser-Hot/ ) 


fractures and osseous bodies are often associated with 
other radiographic findings of navicular disease.* 2 

Researchers evaluating the frequency of radiographic 
monitoring of navicular disease in 205 horses found that 
the optimum interval for reexamination was at least I 
year.* 1 In another study in which radiographic measure¬ 
ments from the LM projection of the foot in horses with 
navicular disease were evaluated, researchers compared 
three groups: Group I consisted of 143 normal horses 
(control); group 2 consisted 60 horses with clinical signs 
of navicular disease only; and group 3 consisted of 161 
horses with clinical signs and radiographic changes con¬ 
sistent with a diagnosis of navicular disease.* 1 In this 
study they found an enlargement of the navicular bone 
in a proximodistal and DP direction in group 3 horses 
compared with control subjects. Additionally, a slight 
enlargement of the distal phalanx was seen in group 2 
and 3 horses compared w ith control subjects. All horses 
4 years and older had an increased length of the hoof in 
the DP direction and a decrease of the cranial angle of 
the hoof. 

Although radiography is considered an important di¬ 
agnostic tool, it is not particularly effective or sensitive 
in defining the pathologic changes, unless they arc ad¬ 
vanced, of the distal sesamoid bone of horses with navic¬ 
ular syndrome. Scanning electron microscopy of the dis¬ 
tal sesamoid bones in 49 cases of navicular disease 
revealed severe pathologic changes in horses that had 
only slight radiographic changes. 14 

Navicular Bursography 

Important information regarding pathologic changes 
associated with the fibrocartilage on the flexor surface 
of the navicular bone and the L>DFT can be obtained 
with navicular bursography.* 0 Ninety-seven horses pre¬ 
senting with palmar heel pain were evaluated by navicu¬ 
lar bursography. A dosage of 3 ml. of a I:) mixture of 
a contrast material and a local anesthetic was injected 
in the navicular bursa by use of radiographic documenta¬ 
tion. Findings included I) normal flexor fibrocartilage 
in 13% of cases, 2) thinning or erosions of the flexor 
fibrocartilage in 69% of cases, 3} complete focal loss of 


the dye column representing adhesion of flexor to the 
bone in 8% of cases, 4) focal filling of the flexor cortex 
w'ith contrast in 2% of cases, and 5) fibrillation of the 
flexor tendon in 21 % of cases. When horses were sepa¬ 
rated into clinical groups, NRP or palmar foot pain 
(PFP), according to the criteria described, the following 
comparisons were made.' ' Horses with normal flexor 
fibrocartilage were more likely to have NRP {8 of 97) 
than PFP (5 of 97). Horses with flexor cartilage thinning 
or erosions were more likely to have PFP (38 of 97) than 
NRP (29 of 97). All horses with flexor surface adhesions 
had NRP. Horses with tendon fibrillation were also more 
likely to show PFP (14 of 97) than NRP (6 of 97). Navic¬ 
ular bursography identified pathology in the flexor cor¬ 
tex of the navicular bone 60% more often than did plain 
radiography. 

Scintigraphy 

Because it identifies early alterations in bone metabo¬ 
lism, scintigraphy (nuclear imaging) can be used to detect 
early pathologic changes in the navicular bone (Fig. 
8.42), making it unnecessary for clinicians to rely on 
radiographic changes. Scintigraphy is probably most 
useful for cases in w f hich radiographic changes have not 
developed or are equivocal. ^ In one scintigraphic 
study, researchers evaluating the uptake in rhe navicular 
area of horses with lameness isolated to the foot by peri¬ 
neural anesthesia of the palmar digital nerves found a 
significantly greater uptake in the navicular bone of 
seven affected horses compared with seven control 
horses. 24 Also, images taken after 1 hour were as good 



Figure 8.42 Nuclear scintigraphy showing increased uptake in 

the navicular bones (arrow) 
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I 



Figure 8.45 Same horse as in Figure 8 44 after a shoe is 
applied Note the relations of the various lines and the position of 
breakover. 



Figure 8.46 Application of a Natural Balance Shoe (Reprinted 
with permission from Ovnicek G. New Hope for Soundness: Seen 
Through the Window of Wild Horse Hoof Patterns. Columbia Falls, 
MT: Equine Digit Support System, Inc., 1997.) 


lanx, is 0.4 cm for horses weighing 200 to 300 kg, 0.5 
cm for horses weighing 300 to 400 kg, 0.6 cm for horses 
weighing 400 to 500 kg, and 0.7 cm for horses weighing 
500 to 600 kg. 3 * The distance from the thumbtack to 
the designated point of breakover dorsal to the tip of the 



Figure 8.47 Lateral radiograph of the foot with radiographic 
markers in place. Note the measured distance from the tip of the 
distal phalanx dorsal is 0.6 cm, which is the desired breakover 
point in this horse. Also note that the measured distance from the 
thumbtack to the desired breakover point dorsal to the distal 
phalanx is 2.8 cm. This 2 8-cm distance is the measurement the 
farrier uses to determine breakover point on the sole 



Figure 8.48 Same horse as in Figure 8 44. Note the shoe 
placement in relation to the trimmed hoof Also note that the dorsal 
hoof wail is not tnmmed back to the shoe, bul rather the Mare was 
removed from the dorsal hoot wall, and the remaining hoof waft 

was undercut toward the shoe. 


distal phalanx is measured on rhe radiograph (Fig. 8.47). 
This measured distance is then transferred to the bottom 
of the horse’s foot with the thumbtack as the reference 
point, and it is used by the farrier to locate the breakover 
point of the shoe dorsal to the apex of the frog. 

When finishing the foot, remove only the flares that 
are obvious and undercut the remaining hoof wall left 
over the shoe (Fig. 8.48), Do not rasp the dorsal hoof 
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Figure 8.49 A Severely distorted hoof with a long toe and underrun heel 8 Hoof (same as in A) after 

trimming. 


wall from the center of the toe back to the shoe. In ex¬ 
treme cases with long rocs and underrun heels, trimming, 
following the guidelines described, effectively redistri¬ 
butes the weight*bearing forces to under the distal pha¬ 
lanx {Fig. 8.49). Once the shoe is applied, the horse is 
walked again on a flat hard surface to assess dynamic 
balance and heel-first contact. 

Kgg bar shoes may be recommended in some cases in 
which the hoof capsule is unstable because of shearing, 
in which a large horse has small feet, or in which the 
horse's heels arc severely underrun or collapsed. The egg 
bar shoe increases the surface area of contact and in¬ 
creases the stability of the hoof. The shoe should he ap¬ 
plied so it is clearly visible at the quarters and extends 
palmarad to cover the heels 4 ''' 57 (see Fig. 9.78). To allow 
for heel expansion, one should not use nails past the 
bend in the quarters. (For more information the reader 
is referred to Chapter 9.) 

Pads may be necessary for the first shoeing in some 
horses that have painful responses to hoof tester pressure 
over the central third of the frog or that have excessive 
sole pain. In some cases, we recommend applying a frog 
pad and a two-part impression material under the pad to 
create diffuse frog pressure that promotes heel expansion 
(Fig, 8.50). The two-part impression material is placed 
over the frog and in the sulci. Rolling, rocketing, or 
squaring the toe of the shoe enhances breakover, thus 
reducing the stress on the DDFT. Note that although 
adjustment in the horse's hoof angles can be made rather 
drastically, the response might he immediate or gradual. 

In most cases improvement in clinical signs after cor¬ 
rective trimming and shoeing is seen within 6 weeks; 
in some horses, however, it may take 2 to 3 months. 
Achieving a normal hoof confirmation takes months, 


and in some cases, the run under heels may be past the 
point of return. Additionally, corrective trimming and 
shoeing is most beneficial when performed correctly at 
the earliest onset of clinical signs, 1 * 

Medical Treatments 

Nonsteroidal Anti-inflammatory Drugs 

Although many nonsteroidal anti-inflammatory 
drugs (NSAIDs) can be used in the treatment of navicular 
syndrome, phenylbutazone is by far the most commonly 
selected. As with other NSAIDs, phenylbutazone reduces 
pain by inhibiting the enzyme cyclooxygenase and the 
subsequent synthesis of prostanoids. It also inhibits 
platelet aggregation, thus improving blood flow. Phenyl¬ 
butazone may he necessary for pain relief if the horse is 
severely lame or if it is to continue working through the 
initial treatment period. Phenylbutazone is also benefi¬ 
cial to allow pain-free adjustment to new shoes and hoof 
angles. Generally, it is recommended that 4.4 mg/kg he 
given orally for 7 to 10 days along with stall rest. This 
appears to break the pain cycle effectively and allows 
for adjustment to corrective trimming and shoeing. 4 * In 
some cases, phenylbutazone is used to manage pain asso¬ 
ciated with eventing the horse. 

Corticosteroids 

Corticosteroids may prove beneficial as adjunctive 
therapy in the treatment of navicular syndrome. They 
can be injected into the DIP joint or the navicular bursa. 
I prefer intrasynovia I treatment of the DIP joint as an 
alternative treatment and, for those cases that yield no 
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for 3 weeks followed by 0.66 mg/kg once daily for 2 
weeks, followed by an every other day dosing/*’ Typi¬ 
cally, horses will have palpably warmer extremities be¬ 
cause of the drug’s vasodilatory effect. Reported success 
rates range from 40 to 87%, with the best results occur¬ 
ring in horses affected less than I year/ The improve¬ 
ment in clinical signs can persist tor as long as l year 
after isoxsuprine is discontinued, especially when toot 
problems are corrected. In some cases (many that I deal 
with), however, isoxsuprine therapy is continued year 
round but at a lower dose. Continuous treatment with 
isoxsuprine is used in horses that perform year round 
and then, when they are taken off the drug, show signs 
of pain. Adverse side effects have not been reported in 
the horse given isoxsuprine per os, although the drug 
has not been proved safe for use in pregnant mares. At 
this time, isoxsuprine is considered a masking agent by 
the American Horse Show Association and should be 
discontinued 96 hours before the horse is shown or 
raced. The beneficial response to therapy with isoxsu¬ 
prine is probably because of its ability to improve blood 
flow to the navicular region and its rheologic effects. 

Pentoxifylline and propcntofyllinc are synthetic xan- 
thene derivatives that have been used in the treatment 
of navicular syndrome. 11,17 The hemorheologic agents 
act by altering the physical characteristics of the blood: 
I) increasing erythrocyte flexibility, thereby casing blood 
flow through capillaries; 2) decreasing fibrinogen; 3) pre¬ 
venting aggregation of red cells and platelets, which de¬ 
crease blood viscosity; and 4) inhibiting the action of 
inflammatory cytokines. A horse study in which re¬ 
searchers evaluated the pharmacokinetics of pentoxifyl¬ 
line identified erratic absorption and bioavailability after 
oral administration. 1 Results of a clinical trial assessing 
propcntofyllinc in the treatment of navicular syndrome 
indicated a significant improvement in lameness, but 
none of the horses was completely sound within the 6 
months of the study. Propcntofyllinc was administered 
at 7.5 mg/kg twice daily for 6 weeks. 2 

Metrcnpcrone, a vasoactive drug with S2 and rri-an¬ 
tagonistic properties, has been used to treat horses with 
navicular syndrome. In a trial comparing the effect of 
metrenperonc (60 horses) and isoxsuprine (40 horses) in 
the treatment of navicular syndrome, long-term follow¬ 
up (1 to 5 years) found that isoxsuprine was a better 
treatment/^ 


Sodium Hyaluronate 

Sodium hyaluronate (HA) has been used in the treat¬ 
ment of some horses with navicular syndrome. Both in¬ 
trasynovia) (20 mg) and intravenous (40 mg) routes have 
been used. Although intrasynovial injection of the navic¬ 
ular bursa can be done, the intrasynovial injection of the 
DIP joint is most common. HA can be injected intrasyno- 
viallv at the same time as the corticosteroid, or its use 
can be delayed for 3 to 4 weeks, depending on the type 
of steroid injected and the response to treatment. More 
than one intrasynovial injection of HA may be required. 
Anecdotally, reports indicate some benefit to intrave¬ 
nously administered HA in the treatment of navicular 
syndrome in some horses. 


Polysulfated Glycosaminoglycans 

Polysulfated glycosaminoglycans (PSGAGs) have 
been used in patients with navicular syndrome and, when 
administered intramuscularly in at least one trial, 
showed documented benefit. 1 ’ In this double-blind 
study, seven horses received 500 mg of PSGAG intramus¬ 
cularly at 4-day intervals for seven treatments, and eight 
horses received saline as a placebo. The conclusion was 
that there was an improvement in the lameness associ¬ 
ated with navicular syndrome in horses receiving PSGAG 
with clinical signs of less than 12 months duration, com¬ 
pared with control horses. PSGAG has also been used 
intrasynovially as well as orally for the treatment of na¬ 
vicular syndrome, but no controlled studies have yet 
been reported. 

Nutraceutical 

The clinical efficacy of a chrondromodulatory nutra¬ 
ceutical has been evaluated in the treatment of 10 horses 
with navicular syndrome/* The trial was double 
blinded, placebo controlled (5 horses), and randomized. 
The nutraceutical was composed of 9 g of glucosamine 
HCI, 3 g of purified sodium chondroitin sulfate, and 600 
mg of manganese ascorbate and was given orally twice 
daily for 56 days. Statistically significant improvement 
(clinical and owner assessed) was observed in the treat¬ 
ment group compared with the control group. 

Surgical Treatments 

Surgery is usually reserved for cases of navicular syn¬ 
drome that have not responded to more conservative 
treatments. Three surgical treatments are currently avail¬ 
able: palmar digital neurectomy, navicular suspensory 
desmotomy, and desmotomy of the carpal check liga¬ 
ment. 

Palmar Digital Neurectomy 

The most commonly performed surgical technique for 
navicular syndrome is palmar digital neurectomy. The 
procedure desensitizes the caudal one-third to one-half 
of the palmar foot region and the sole extending dorsally 
to the roe. It should be done in conjunction with correc¬ 
tive hoof trimming and shoeing to reduce abnormal 
forces on the foot, thus slowing the progression of the 
degenerative changes associated with the navicular syn¬ 
drome. 4 ’ 

In all cases in which palmar digital neurectomy is con¬ 
sidered, a low palmar digital nerve block should be per¬ 
formed first. The degree of response to the nerve block 
is similar to the pain relief achieved by a neurectomy. 
Some horses have additional nerve branches supplying 
the navicular region, and if rhese nerves are not identified 
and transected, the response to neurectomy will be less 
than optimal. Various methods of palmar digital neurec¬ 
tomy have been described, including “‘guillotine” tech¬ 
nique (sharp transection of the nerve and a segment of 
the nerve is removed), cryoncurectomy, laser neurec¬ 
tomy (C0 2 and ncodymium:yttriurn-alimi mum-garnet 
[NdrYAGJ), neurectomy “stripping” technique (8 to 10 
cm of the nerve is removed), epineural (perineural) cap- 
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ping, silicone capping, cyanoacrylate glue capping, the 
injection of neurotoxic agents, radioactive ligature, and 
intramedullary anchoring of the ncrvc. ,,, ^ ,7 ’ ,w,,31 ' 
43-4,1 All share common goals in that they attempt to 
reduce the incidence of neuroma formation and axonal 
regrowth, resulting in reinnervation. 

In a study done on 57 horses and in which the long¬ 
term results of palmar digital neurectomy (guillotine, 10 
horses and transection; electrocoagulation, 47 horses) 
were documented, researchers found complications in 
34% (17 of 50) of the horses for which follow-up infor¬ 
mation was obtained. 21 Recurrence of heel pain was the 
most common complication (14 horses), and palpable 
neuromas were detected in 3 horses. One year after neu¬ 
rectomy, 74% of the horses were sound; this decreased 
to 63% after the second year. In a study comparing tech¬ 
niques of palmar digital neurecromy (guillotine, perineu¬ 
ral capping, C0 2 laser transection, or CO^ coagulation), 
researchers found the guillotine technique resulted in a 
longer duration of cutaneous desensiti/ation of the heels 
and less neuroma formation, compared with the other 
techniques. Horses in this study were followed for as 
long as 360 days. 12 In another study evaluating five tech¬ 
niques (noncontact Nd:YAG laser transection, sapphire- 
tip contact Nd:YAG laser transection, guillotine transec¬ 
tion, cryoepineural capping, and cyanoacryl glue cap¬ 
ping) for palmar digital neurectomy in horses, research¬ 
ers found that the noncontact Nd:YAG technique had 
the lowest composite neuroma scores and hence was 
judged to be the superior technique. 31 Anecdotally, the 
palmar digital neurectomy “stripping" technique, where 
part (8 to 10 cm) of the nerve is removed, is supposed 
to offer the advantage of a lower incidence of nerve re¬ 
generation and painful neuroma formation. 3 Unfortu¬ 
nately, the number of cases, successes and failures, was 
not reported. Good results have been reported with the 
modified “Lose” neurectomy technique. In this tech¬ 
nique, the distal end of the palmar digital nerve is drawn 
through a tunnel created under the digital artery and 
inserted in the medullary cavity of the proximal pha¬ 
lanx. 1 "* Results of follow-up on 28 horses for a period 
of 1.5 to 11 years revealed that 96% (27 of 28) of the 
horses were completely sound with no evidence of neu¬ 
roma formation or reinnervation after neurectomy with 
the modified “Lose” technique. 

Navicular Suspensory Desmotomy 

Navicular suspensory desmotomy has been advocated 
by some as a treatment for navicular syndrome. 2 * 66 ’** In 
a review of 118 horses suffering from navicular syn¬ 
drome that were treated with navicular suspensory des¬ 
motomy, 76% were sound at 6 months, and 43% were 
sound after 36 months,'’ 4 ' All of the following were asso¬ 
ciated with a diminished response: the presence of flexor 
cortex defects, proximal border enthesiophytes, mineral¬ 
ization of the DDFT, and medullary sclerosis. In a retro¬ 
spective study on 22 horses with navicular syndrome that 
had navicular suspensory desmotomy, 15 of 21 horses 
that were available for follow-up were performing at 
their intended use. 66 Unfortunately, this study did not 
descrihe the duration of follow-up. 

Carpal Check Ligament Desmotomy 

Carpal check ligament desmotomy has been used in 
selected cases of navicular syndrome in which dorsal pal¬ 


mar hoof imbalance (either broken forward or broken 
backward axis) seems a factor. In one study, four horses 
with navicular syndrome and with broken FP axes were 
treated with carpal check ligament desmotomy; all 
horses returned to full use, and the surgery made it possi¬ 
ble to align the hoof pastern axis after surgery. 61 


Acupuncture 

Acupuncture has been used for the treatment of navic¬ 
ular syndrome. 46 The treatment consists of the insertion 
and manipulation of needles in prescribed acupuncture 
points. Although some points suppress pain, others re¬ 
portedly regulate blood flow. Although anecdotal com¬ 
ments estimate that 40 to 50% of horses with navicular 
syndrome improve with this treatment, in one controlled 
study in which electroacupuncture was used, researchers 
found no significant difference between treatment (10 
horses) and control (10 horses) groups. SM 
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not have a medullary cavity, inflammation of this bone 
is referred to as osteitis rather than osteomyelitis. 4 

Etiology 

Nonseptic PO is a poorly defined disorder of the distal 
phalanx that may occur as a primary condition or that 
may develop from a secondary cause. 1 Primary PO is 
usually associated with severe or chronic sole bruising, 
resulting from repeated concussion during exercise on 
hard surfaces.** 1 * It is believed that the hone and the 
vascular channel changes result from pressure on and 
hyperemia of the solar lamina.* Secondary PO is the 
most common, and it can be a caused by persistent corns, 
laminitis, puncture wounds, bruised soles, and confor¬ 
mational faults. 1 Regardless of the cause, the disorder is 
typically associated with persistent, generally chronic, 
inflammation of the foot. 1 ’ Histologically, nonseptic PO 
appears as a solar variant of laminitis, affecting epider¬ 
mal and corial laminae of the distal wall and sole, pri¬ 
marily in the toe and the wing regions.' 1 

Septic PO usually develops from introduction of envi¬ 
ronmental microbes, either into the soft tissues of the 
foot, with subsequent extension of infection into the dis¬ 
tal phalanx, or from direct introduction of the microbes 
into the distal phalanx (e.g., deep penetrating wound), 5 
Causes of septic PO include chronic severe laminitis, sub- 
solar abscesses (most common), solar margin fractures, 
deep hoof wall cracks, avulsion hoof injuries, and pene¬ 
trating wounds of the foot. 2 * 4 * 8 If soft tissue injury or 
infection is the cause, it is usually a while before the distal 
phalanx becomes involved. A sequestrum may develop in 
the distal phalanx as the osseous infection progresses. 6 
In a review of 63 horses treated for septic PO, researchers 
found that subsolar abscess initiated 56%, solar margin 
fractures initiated 25%, and penetrating wounds initi¬ 
ated 13% of the cases. 8 In that study, subsolar abscesses 
were caused by bruising, wet or dry weather cycles, white 
line disease, or other events that compromised the kera¬ 
tinized barrier of the hoof. In another study in which 
the outcome in 18 horses with septic PO was reviewed, 
researchers found that of 9 cases in which there was fol¬ 
low-up, 7 were caused by penetrating objects, I was 
caused by deep hoof wall cracks, and 1 was caused by 
hoof avulsion." 

Clinical Signs 

Nonseptic PO most commonly affects the forelimbs, 
and the condition can be either unilateral or bilateral. 
The severity of the lameness varies and depends on the 
cause and degree of injury. Lameness may be accentuated 
after exercise and after the horse has recently been 
trimmed and shod.* Hoof tester examination often re¬ 
veals a focal or a diffuse region of increased sensitivity 
when pressure is applied to tne sole and to the hoof wall. 
Perineural anesthesia of the palmar digital nerves usually 
eliminates the lameness, unless the dorsal surface of the 
distal phalanx is involved. In the latter case, the block 
must be done higher. 

Septic PO most commonly affects the forelimbs. In 
one study reviewing the outcome of 63 cases of septic 


PO, researchers found that the forelimbs were affected 
twice as much as the hindlimbs. 8 In another studv, 11 
of 18 cases presented with septic PO in the forefeet.** The 
degree of lameness, although variable and sometimes in¬ 
termittent, is usually greater than that seen with nonsep¬ 
tic PO. Lameness grades ranging from 2 to 4.5 of 5 are 
common. 2 In one study evaluating septic PO, researchers 
found that 53% of the horses presented with lameness 
grade 4 of 5, 33% presented with lameness grade 3 of 5, 
and the average duration of lameness before presentation 
was 18.5 days. 8 On palpation, increases in temperature 
and prominent digital pulses can often be felt in the af¬ 
fected foot compared with the other feet. Increased digi¬ 
tal pulses were found in 14 of 18 cases of septic PO in 
one study. 2 Hoof tester examination may be beneficial 
for localizing the site of pain as well as for promoting 
abscess drainage in some cases. Perineural anesthesia of 
the palmar digital nerves may not eliminate the lameness 
in horses with septic PO. Minimal or no response to 
palmar digital nerve block was seen in 5 of 5 cases of 
septic PO in which diagnostic anesthesia was used. All 5 
cases were sound after an abaxial proximal nerve block, 2 

Diagnosis 

Radiographic assessment of the distal phalanx for the 
presence of nonseptic PO should include at least three 
views: 65° dorsopalmar and the medial and the lateral 
oblique projections. 12 The radiographic signs associated 
w r ith nonseptic PO include demineralization, widening 
of the nutrient foramina at the solar margin, and irregu¬ 
lar bone formation along the solar margins of the dorsal 
surface of the distal phalanx' 5 (Fig. 8.56). Osseous pro¬ 
liferation of the solar margin of the distal phalanx is 
thought to develop secondary to prolonged inflamma¬ 
tion. Radiographs alone should not be used to make the 
diagnosis, since some unaffected horses will have similar 
changes. In one study done on 31 normal horses to evalu¬ 
ate the range of radiographic changes observed in the 
distal phalanx, researchers found that there was a large 
degree of variation in the number and size of the vascular 
channels and that the solar border of the distal phalanx 
appears more regular on the oblique projections than on 
the 65° dorsopalmar projection.'" The degree of rough¬ 
ening can also vary from the medial to the lateral, and 



Figure 8.56 Horse with a nonseptic PO. 
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Figure 8.57 Horse with septic PO Note the bone lysis at the 
ieh solar margin ot the distal phalanx. 


the lateral border usually appears more roughened when 
a variation exists. 12 Care should also be taken not to 
confuse the normal notch (crena) of the toe of the distal 
phalanx. Roughened ridged areas along the solar border 
of the distal phalanx may appear anywhere from the 
toe to the lateral wings. These ridges are not normally 
smooth because of vascular patterns in the bone, and 
when vascular patterns are present, careful evaluation 
must be made. The conclusion from the study was that 
the diagnosis of diffuse PO with radiographs alone was 
tenuous and that the diagnosis of PO should be made 
only when physical signs concur with the radiographic 
findings. 7, '* In a scintigraphic srudy evaluating the distal 
limb changes in horses whose lameness were blocked out 
with palmar digital nerve blocks, researchers found that 
changes associated with PO were uncommon and sug¬ 
gested that the condition may be overdiagnosed. 14 

Radiographic signs of septic PO are usually straight* 
forward. Generally, there is a loss of trabecular detail, 
with indistinct margins fading into the surrounding 
bone. 12,1 s Marginal sclerosis is rarely observed in cases 
in which sequestra develop* {Fig. 8.57). Radiographic 
examination of 18 horses diagnosed with septic PO re¬ 
vealed discrete osteolysis at the margins of the distal pha¬ 
lanx in 15 of 18 cases; gas density in adjacent bone on 
two different radiographic projections in 15 of 18 cases; 
decrease in bone density, focal in 9 of 18 and diffuse in 
3 of 18; generalized roughening of the solar margin of the 
distal phalanx in 7 of 18; and widening of the vascular 
channels in 13 of 18.* In this study, sequestra were iden¬ 
tified in 4 horses, and a solar margin fracture and a plan* 



Figure 8.58 Septic PO associated wilfi sotar margin fractures 
This condition resulted from a puncture wound to the foot that 
caused a subsolar abscess 


tar eminence fracture were observed in I horse each (Fig. 
8.58 and Fig. 8.61), 

Treatment 

Treatment of nonseptie PO depends on the cause, the 
use of the horse, and environmental factors. If severe or 
chronic solar bruising ts the primary cause, treatment is 
aimed at reducing the inflammation and minimizing the 
concussion to the foot." Rest, the administration of non¬ 
steroidal anti-inflammatory drugs (NSAIDs , and the 
avoidance of exercise on hard rocky surfaces are logical 
and often helpful but may not provide a long-term solu¬ 
tion." 1 The application of protective shoes may be all that 
is needed. A handmade, wide-web, egg-bar shoe whose 
solar surface is deeply concave is most useful. 9 This shoe 
keeps the injured sole from contacting the ground and 
prevents pressure from being applied to it. The toe of the 
shoe can be squared to enhance breakover. Alternatively, 
full pads can be applied to reduce concussion and to 
protect the injured sole. (Refer to Chapter 9 for more 
information.) In horses in which the sole is thin and soft, 
the sole can be medicated topically with equal parts of 
phenol, formalin, and iodine to toughen them. It patho¬ 
logic fracture of the distal phalanx is associated with PO, 
a prolonged convalescence will be required. Rest and 
avoiding exercise on hard rocky surfaces are indicated 
until the lameness subsides. Exercising on softer track 
surfaces, such as wood chips, or swimming rhe horse to 
maintain Fitness may allow the horse to continue training 
until the lameness resolves. The primary cause should 
always be treated first. Palmar digital neurectomy is only 
recommended in cases that do not respond to more con¬ 
servative measures. The effectiveness of the neurectomy 
should be documented by perineural anesthesia of the 
palmar digital nerves prior to performing the neurec¬ 
tomy. 

Treatment of septic PO involves surgical debridement 
of the tract, if present, and the removal of infected bone. 


I 


t 


Copyrighted material 








Hidden page 



Hidden page 



Hidden page 



Hidden page 



Hidden page 



692 Adams Lameness tn Horses 


Etiology 


Trauma seems the predominant cause of fracture of 
the distal phalanx. Type 2 fractures in racing breeds af¬ 
fect the left lateral and the right medial processes; this 
is thought to be a direct result of the selective trauma to 
these regions during counterclockwise racing. Type 
3 midsagirt.il articular fractures are believed ro result 
from direct trauma to the hoof from kicking a solid ob¬ 
ject. 11 Type 6 solar margin fractures may be related to 
the shape and location of the solar margin within the 
hoof and the tremendous forces the distal phalanx 
undergoes during weight bearing and work. 1 These 
fractures are also commonly seen with laminitis pedal 
osteitis |PO), Type 7 fractures seen in foals are thought 
to occur either as a result of compression on the solar 
or the dorsal cortex of the distal phalanx during weight 
bearing or as a result of tension forces generated by the 
deep digital flexor tendon (DDFT), 18 In a study done to 
evaluate the effect of hoof trimming on the occurrence 
of distal phalangeal palmar process fractures (type 7) in 
foals, researchers found that excessive trimming of the 
heels, sole, and frog did not affect the occurrence of these 
fractures. 2 " Occasionally, the distal phalanx may be frac¬ 
tured as a result of the penetration of a foreign body 
through the sole. 9 The distal phalanx also may be frac¬ 
tured as the result of trauma to a targe sidebone (Fig. 
8.67). In such a case, the phalanx may break through 
one of the lateral processes. 

Although trauma is regarded as the primary cause of 
fractures of the distal phalanx, other factors such as 
stone bruises, hard surfaces, improper shoeing, infec¬ 
tious conditions, and nutritional deficiencies have been 
implicated. 1,6 * 2to ' 27,29,J2 Type 6 solar margin fractures 
can develop as a result of trauma or can be secondary 
to laminitis or PO. 1 ' Type 5 comminuted fractures can 
develop secondary to septic osteitis with or without se¬ 
questra formation.* 1 



Figure 8.67 Fracture of the distal phalanx through one of the 
lateral wings, This horse had large sidebones A cow stepped on 
the horse's foot, causing fracture of the distal phalanx on the left 
side (Repnnted with permission from Gillette EL, Thrall DE, Lebef 
JL Eds. Carlson’s Veterinary Radiology 3rd ed, Philadelphia: 

Lea & FeOiger. 1977.) 


Signs 

Generally, the clinical signs during the acute phases 
arc similar for all types of fractures of the distal phalanx, 
and a history of acute onset of a moderate to severe lame¬ 
ness is common. 1,11,22 In some cases, the lameness wors¬ 
ens within the first 24 hours after injury, presumably 
because of increased pressure within the hoof capsule 
secondary to inflammation and swelling. The degree of 
lameness is generally severe (grades 4 to 5 of 5); excep¬ 
tions to this are type 6 and 7 fractures. Lameness associ¬ 
ated with type 6 fractures varies, depending on the pres¬ 
ence or absence of an underlying lesion associated with 
the distal phalanx. In the absence of an underlying lesion, 
most horses with a solar margin fracture exhibit a mild 
to moderate lameness, 11 Also, type 7 fractures generally 
result in a mild (grades I to 2 of 5) lameness. 2 " In afl 
cases, if the fracture has been present for some time, signs 
of lameness usually are diminished. 

On palpation, an increased digital pulse may be felt, 
and if the fracture is paramedian, the pulse may increase 
most on the affected side. 5 An increase in temperature of 
the affected foot may also be appreciated. With articular 
fractures, coffin joint effusion may be observed and may 
be palpable dorsal and proximal to the coronet band. If 
the articular fracture is acute, swelling and edema may 
also be present in the region of the coronary band. Hoof 
tester examination usually reveals pain over the sole re¬ 
gion, and focal pressure over rhe fracture site usually 
induces a obvious painful response. A negative hoof 
tester response, however, does not rule out the presence 
of a distal phalanx fracture. 14,1 M Perineural anesthesia of 
the palmar or plantar digital nerves may aid in localizing 
the lameness to the foot region, and coffin joint synovial 
fluid analysis can help confirm an intraarticular fracture. 
Generally, regional anesthesia is not necessary to diag¬ 
nose type 2 and 3 fractures because the clinical signs are 
sufficient to localize the pain to the foot region. 

Differential diagnoses include sole bruising, PO, 
puncture wounds, foot abscesses, laminitis, navicular 
syndrome, and septic arthritis. 

Diagnosis 

Radiographic examination (30° dorsopalmar or dor- 
soplanrar, 65° dorsoproximal-palmarodistal, lateral, 
and both obliques) arc used to confirm the diagnosis and 
to document the type and location of the fracture. 21 In 
some cases it may be necessary to take special views of 
the palmar or plantar processes to identify the fracture. 
Solar margin fractures arc most easily identified on the 
65° dorsoproximal-palmarodistal projection with a ra¬ 
diographic technique with approximately one-half the 
exposure needed ro evaluate the navicular bone. 12 A 
fracture of the distal phalanx may not be seen on the 
initial radiographic examination because of the insuffi¬ 
cient rime for resorption of the bone along the fracture 
line and because of rhe castlike effect of the hoof wail, 
which prevents the fragments from distracting.' 2 In such 
a case, radiographs should be repeated in 10 to 12 days. 
This is usually sufficient time for bone resorption along 
the fracture line to occur, making rhe identification of a 
fracture more likely. 


y righted materia 
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Alternatively, nuclear scintigraphy can he used to help 
identify radiographically occult fractures of the coffin 
bone. In a scintigraphic study done to evaluate fractures 
of the distal phalanx in 27 horses, researchers found that 
the palmar scintigraphic views had evidence of focal 
areas of increased 99in Tc-methylene diphosphonate 
(MDP) uptake that corresponded to fracture line loca¬ 
tion on radiography. 22 Lateral views of the distal pha¬ 
lanx, on the other hand, had a diffuse pattern of uptake. 
An association between the duration of the fracture and 
the intensity of the uptake was also identified. All frac¬ 
tures of less than 10 days duration had intense focal 
uptake, whereas fractures of less than 3 months duration 
most often had increased uptake. As time passed, the 
uptake became less intense and more diffuse. In this 
study, 3 horses with fractures not evident on radio- 
graphic examination had focal evidence of i4nr Tc-MDP 
uptake on scintigraphy. In all cases, increased uptake of 
the radionuclide was evident 25 months after injury. It 
was concluded that bone phase scintigraphy can identify 
acute distal phalangeal fractures before they are visible 
on radiography and may be of benefit in assessing conva¬ 
lescent rime. 



Figure 8.69 Side view of shoe used for distal phalanx fracture, 
showing quarter dip in place. 


Treatment 

Nonarticular Fractures (Types 1, 5, 6, and 7) 

Treatment of types 1 and 5 fractures is aimed at im¬ 
mobilizing the fracture and preventing expansion of the 
hoof wall. To do this, the distal phalanx can be immobi¬ 
lized by the use of a full bar shoe with quarter clips (Figs. 
8.68 and 8.69), The bar should be placed on the shoe 
so that it is recessed from the frog and no frog pressure 
results. The quarter clips should Be welded to or drawn 
on the outside of the branches of the shoe near the junc- 




Flgurw 8.68 Full bar shoe used in case of fracture of the date) 
phalanx. A Rear view of shoe showing quarter clips (1). B. 
Ground surface view of tie shoe, showing Ml bar and quarter 
dips weeded to shoe. 


tion of the heel and quarters. This prevents the quarters 
from expanding and, when combined with the bar to 
prevent frog pressure, reduces movement of the phalanx. 
The foot should be kept in this type of shoe for 6 to 8 
months, with the shoe reset every 4 to 6 weeks. After 
clinical relief of the symptoms, the horse should be shod 
either with quarter clips or w r ith a bar shoe to prevent 
hoof wall expansion. Some horses require continued use 
of bar shoes with quarter clips to ensure working sound¬ 
ness. The affected horse should not be worked for ap¬ 
proximately 8 to 10 months, and in some cases, 1 year 
of rest may be advisable if symptoms do not disappear. 
Alternatively, the foot can he placed in a continuous rim- 
type shoe or a Klimesh contiguous clip shoe (refer to 
Chapter 9 for more information), or it can be confined 
in fiberglass hoof tape (Figs. 8.70 and 8.71). U3 * 17 ’ 24 11 
All of these approaches appear to effectively prevent the 
expansion of the hoof wall during weight bearing. One 
case of a comminuted frontal plane fracture was treated 
successfully by the application of a 3 ° wedge pad to the 
bottom of the foot, after which fiberglass hoof tape was 
applied to restrict hoof expansion and to hold the wedge 
in place. The heel wedge was used to prevent tension in 
the DDFT from causing distraction of the fracture. 3 

Treatment of type 6 solar margin fractures depends 
on whether the condition is primary or secondary to a 
chronic foot disorder (e.g., laminitis or PO). Primary 
causes of solar margin fractures are rreated with wide- 
web shoes, pads, and stall or paddock rest for 4 to 12 
months. 1 Stria immobilization with bar shoes and 
quarter dips is not necessary. Prolonged rest seems nec¬ 
essary to ensure the best fracture healing. If the cause is 
secondary, then treatment is directed at the underlying 
cause initially, followed by management of the solar 
margin fracture. 1 ' 

Type 7 nonarricular fractures in foals usually heal sat- 
isfaaorily when the foal is confined for 6 to 8 weeks. 
Exercise should be restricted until radiographic evidence 
of bony union is evident, which is usually observed at 
approximately 8 weeks after the diagnosis. 1 " Appltca- 
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Figure 8.70 A Contiguous slip shoe B Contiguous clip shoe 
after it has been placed on the foot, ft is held m place with acrylic. 




Figure 8.71 Fiberglass hoof tape. (Courtesy of Dr. Gayte 
Trotter.) 


tion of restrictive external coaptation (e.g., bar shoe, or 
acrylic) to the hoof is not recommended because of the 
severe heel contraction that can occur and the potential 
for the hoof to slough.™ 

If the fracture has been caused by a puncture wound 
or is secondary to a septic osteitis or if a sequestrum 
is present, then treatment includes debridement of the 
infected bone, ventral drainage of the infected area, and 
support of the hoof with shoes, clips, and a sole treat¬ 
ment plate. Cancellous bone may be packed into the 
bone defect after debridement to enhance healing. 21 

In some cases of persistent lameness resulting from 
fracture of the distal phalanx, neurectomy of the palmar 
digital nerves may afford enough relief so that the horse 
can be returned to full use. The success of this operation 
can be determined beforehand by blocking the palmar 
digital nerves with a suitable local anesthetic. 


Articular Fractures (Types 2 and 3) 

Foals less than 6 months of age should be treated with 
stall confinement.^ Treatment that restricts the expan¬ 
sion of the hoof is unnecessary and may result in severe 
hoof contraction. Foals should he confined for 6 to 8 
weeks, and their exercise should he restricted until hony 
union of the fracture is observed radiographically. Frac¬ 
ture healing should be evident by 8 weeks and complete 
by 15 weeks or less. 

Horses 6 months of age and older with types 2 and 
3 articular fractures can be treated conservatively or sur- 
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Figure 8.73 An ASIF cortical bone screw was used to repair 
this sagittal articular fracture of the distal phalanx. Unfortunately, a 
step in the articular surface remains {arrow). This will most likely 
result in degenerative joint disease of the coffin joint. (Courtesy of 
Or, John Yovtcb.) 



Figure 8.74 Lateral view of markers and ASIF cortical screws 
in place. 


ture healing can be expected in 6 to 12 months, and the 
screw may have to be removed if lameness persists or if 
infection around the implant is evident. 15 * 2 *’ 27 

Pertersson 2 reported on 11 cases of articular fracture 
that were successfully treated by internal fixation. Oth¬ 
ers, however, have expressed concerns with this tech¬ 
nique because of the increased chance of infection Vl and 
the possibility of creating a permanent step in the articu¬ 
lar surface that would be undesirable (Fig. 8.73). u Al* 



Figure 8.75 Dorsal palmar view of an ASIF cortical bone screw 
In place. Note the bone lysis adjacent to the head of the screw. 


though internal fixation may improve the odds of frac¬ 
ture healing, particularly at the articular margin, it does 
not ensure that healing will occur, 5 Since distal phalanx 
fractures that have healed by both conservative treat¬ 
ment and internal fixation have refracturcd after the 
horses have returned to racing, it is recommended that 
performance horses be maintained in corrective shoes to 
prevent hoof wall expansion while competing. 11 

Prognosis 

Nonarticular Fractures (Types 1. 5. 6, and 7) 

The prognosis for type I nonarticular and oblique 
palmar or plantar process fractures seems good for all 
ages of horses if sufficient rest is given. For ty pe 

5 comminuted fractures, insufficient data arc available 
at the time of this w riting to establish a prognosis. How¬ 
ever, one horse with a comminuted frontal-plane nonar¬ 
ticular fracture of the distal phalanx became sound at 
paddock exercise at 7 months after the injury and re¬ 
turned to performance after 12 months. 1 For type 6 solar 
margin fractures, the prognosis depends on the severity 
of the primary- disease.’' 1 In one report, 6 of 9 horses 
returned to soundness. 15 For type 7 nonarticular frac¬ 
tures in foals, the prognosis seems excellent for return 
to performance, and fracture healing is expected in ap¬ 
proximately 8 weeks, 20,15 


Articular Fractures {Types 2 and 3) 

For type 2 palmar or plantar process fractures treated 
conservatively (bar shoes and 6 months rest), a delay in 
performance training for I year results in soundness in 
approximately 50% of horses. •' 1 Scott ct al. 11 found 
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a correlation between the period of confinement of 
horses treated by conservative shoeing and the prog¬ 
nosis. Eight horses with a favorable outcome were con¬ 
fined to stall rest for a mean period of 6.4 months, 6 
horses had a limited response to conservative therapy 
when only confined for an average of 5.5 months, and 
7 horses experienced an unfavorable response for an av¬ 
erage of 4.4 months. Since the outcome was independent 
of age, this is somewhat contrary to Pettersson V find¬ 
ing in which a good prognosis for intraarticular fractures 
was expected in horses younger than 3 years of age and 
a guarded prognosis could be expected for horses older 
than 3 years of age. Moreover. 2 of 6 horses were eutha¬ 
natized because of persistent chronic lameness 12 
months after the fracture occurred. The others were 
relegated to breeding status. 

V ariable results have been obtained from internal fix¬ 
ation of type 3 sagittal articular fractures.Pet¬ 
tersson-' ~ reported that 11 of 11 horses older than 3 
years of age with sagittal articular fractures of the distal 
phalanx treated with internal fixation became sound. 
Another report indicated favorable results in 2 of 5 cases 
in which lag screws were used. However, 1 horse re frac¬ 
tured the distal phalanx after it was put hack into train¬ 
ing and the corrective shoe had been removed. 
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EXTENSOR PROCESS (TYPE 4) 

FRACTURES OF THE DISTAL (THIRD) 
PHALANX 

Fractures of the extensor process of the distal lthird) 
phalanx occur most frequently in the forclimbs and, oc¬ 
casionally, are bilateral. In one report, 21 of 23 of the 
extensor process fractures involved the forelimbs. 1018 In 
another report, 6 of 9 extensor fractures involved the 
forelimbs. 11 They may be displaced nr nondisplaced and 
arc almost as common as type 2 fractures of the distal 
phalanx. 111 The fragment size varies from small, with lit¬ 
tle articular involvement, to large, with greater articular 
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involvement (Figs. 8.76 and 8.77). 2 Although uncom¬ 
mon, the condition may he accompanied by buttress 
foot, which is produced by periosteal new bone 
growth*•' 9 (see “Pyramidal Distortion of the Hoof and 
Dorsal Pastern Region" in this chapter). 

In a review of distal phalangeal fractures, researchers 
found that 23 of 79 cases involved the extensor pro¬ 
cess. 18 In another review of 65 cases of distal phalangeal 
fractures, researchers found that 4 horses sustained frac¬ 
tures of the extensor process. 21 Although various breeds 
are affected, male horses tend to be overrepresented with 
the large extensor process fractures. 5,18,21 This apparent 
sex predisposition may be related to a willingness to pur¬ 
sue treatment in nonbreeding animals/ 


Etiology 

In many cases, the etiology remains speculative. 
Trauma has been implicated. Excessive tension on the 
common digital extensor tendon may result in an avul¬ 
sion fracture. Overextension of the coffin joint, resulting 
in contact of the extensor process with the middle pha¬ 
lanx and trauma to the dorsal aspect of the foot, has 
also been proposed as a cause. 12,25 Also, degenerative 


joint disease (DJD) of the coffin joint can result in the 
development of an osteophyte on the extensor process, 
which may fracture as a result of overextension (Fig. 
8.78). 

The development of a separate center of ossification 
or an osteochondrosis lesion of the extensor process has 
also been proposed. 12,18 ’ 21 ’ 25 Small mineralized frag- 




Figure 8.78 A. Lateral view of the distal phalanx indicating 
osteophyte development of the extensor process {arrow). B Same 
view 7 months later Note the lengthening of the osteophyte 
(arrow). C. Presentation 4 months later. An extonso process 
tradure is present (arrow) 
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merit, the degree of fragment instability and synovitis, 
and the amount of DJD.' ,UUI Small developmental t>r 
traumatica I ly induced fractures may not cause lameness. 
If a lame horse has a small fragment of the extensor 
process, the fragment’s contribution to lameness needs 
to be clarified. Generally, however, a mild to moderate 
(1 to 3 on a scale of 5) lameness is observed." Digital 
pressure just dorsal to the coronet band can reveal coffin 
joint effusion and pain on pressure if a large acute frac- 
ture is present. Phalangeal flexion usually elicits a painful 
response and may exacerbate the lameness. 

Perineural anesrhesia of the palmar digital nerves at 
the proximal sesamoid bones, a pastern ring block, or 
intrasynovial anesthesia of the coffin joint removes lame¬ 
ness in most cases (see Fig. 3.92). 

Diagnosis 

Extensor process fractures are best visualized on later- 
omedial radiographic projections, although the fracture 
can also he evaluated on the dorsopalmar view' {Figs. 
8.76 to 8.78). The oblique radiographic projections 
should also be taken to aid in the assessment of arthritic 
changes in the distal interphalangeal joint. 

Treatment 

It is generally accepted that surgery' is indicated for 
any extensor process fracture with an articular compo¬ 
nent unless advanced DJD has devcloped7 li M Conserv¬ 
ative treatment with prolonged stall rest has received 
mixed reviews and often horses do nor become sound 
because the exrensor process fracture does not heal. 10,18 
An additional benefit to surgery is a shortened convales¬ 
cent period. M * 16 * 17 One report on seven cases indicates 
that small acute extensor process fractures may be suc¬ 
cessfully treated with a fibrin adhesive. 4 

Arthroscopy through a dorsal lateral approach is the 
preferred technique for removal of small extensor pro¬ 
cess fractures. Using arthroscopy allows for a thorough 


evaluation of the dorsal aspect of the coffin joint, a more 
cosmetic outcome, and a shorter recovery time, com¬ 
pared with the incisional approach. 12,14 Usually, a par¬ 
tial synovectomy and careful probing are needed to ade¬ 
quately expose the fracture. Additionally, extension of 
the distal limb facilitates visualization of the fragment. 
The removal of hmdlimb extensor process fractures is 
more difficult than for the forelimb because of the inabil¬ 
ity to position the coffin joint in full extension. 

Postopcratively, an elastic bandage is applied to the 
distal extremity, including the foot. Bandages are 
changed at 3- to 4-day intervals for 2 weeks, at which 
time the sutures are removed. Stall confinement with in¬ 
creasing periods of hand walking exercise is begun at 2 
weeks and continued until free exercise is allowed at 3 
to 4 months. The administration of polysu Ifated glycos- 
aminoglycans intramuscularly and/or the administration 
of a corticosteroid in combination with hyaluronic acid 
intrasynoviallv may benefit some horses that are mildly 
lame, postoperative^." In one report, 14 of 16 of the 
horses that were lame from small extensor process frac¬ 
tures returned to soundness 10 weeks after the fragments 
were removed arthroscopically.' In this same report, 5 
horses with extensor process fractures that were not lame 
had the fragment removed arthroscopicallv to avoid fur¬ 
ther damage to the coffin joint and to encourage the 
production of normal synovial fluid. All 5 of these horses 
were sound 14 days after surgery. In another report, 8 
of 9 horses with extensor process fractures that were 
treated with arthroscopy had total resolution of their 
lameness and returned to their intended use." 

Large extensor process fractures (less than 1 cm) have 
been successfully treated with arthrotomy and lag screw 
fixation or fragment removal. 1 ■ t,8,n,2n In either case, 
preoperativc preparation includes clipping the hair in the 
pastern region and thorough cleaning of the hoof, after 
which the foot is placed in a povidone iodine band- 
age. l,<>,li Broad-spectrum antimicrobials and phenylbuta¬ 
zone arc recommended. A mid line incision is made over 
the center of the common digital extensor tendon, just 
proximal to the coronary band. The common digital ex- 



Figure 8.81 A Large fracture (arrow) of extensor process ot distal phalanx B Sietnmann p»rvs provide guide 

to check angulation lor dnlling. C. ASIF navicular screw in place. 
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Figure 8.82 Dried bone specimen. Palmar view of the distal 
phalanx with a fracture of the extensor process, Note the width of 
the extensor process 


tensor tendon is incised longitudinally and separated 
with Gelpi retractors to expose the fragment. If internal 
fixation is used, a small Steinmann pin can be inserted 
through the fragment into parent bone to act as a radio- 
graphic marker for the placement of the screw (Fig. 8,81). 
If the fragment is to be removed, the tendinous attach¬ 
ments are separated from the fractured extensor process 
with an elevator, after which the fragment can be split sag- 
ittally with an osteotome. Sagittal splitting of the frag¬ 
ment into two or three smaller pieces greatly facilitates re¬ 
moval of large fragments (Fig. 8.82). Oschner grasping 
forceps or rongeurs are used to provide traction for re¬ 
moval of the fragment (Fig. 8.83). The tendon and subcu¬ 
taneous tissues arc sutured with simple interrupted su¬ 
tures of 2-0 synthetic absorbable suture. The skin is then 
apposed with 2-0 synthetic monofilament nonabsorbable 
sutures, with a simple interrupted pattern. 

Postopcratively, if the fragmenr was removed, the foot 
and pastern region are maintained in a bandage for 2 to 

3 weeks, and the horse is confined to a box stall for at 
least 6 weeks. In one report the mean recovery time be¬ 
fore returning to work was 7.5 months with a range of 
2 to 4 months/ If internal fixation was used, the foot is 
placed in a cast that extends to proximal metacarpus for 

4 weeks. After cast removal the horse is confined in a 
box stall for an additional 4 weeks. The horse should 
not be worked for at least 6 months. 

Prognosis 

The prognosis for small extensor process fractures 
treated by arthroscopic removal appears good. Two re¬ 
ports identified that 88% of the horses treated by this 
method returned to soundness/’ 1 ’' The prognosis for 
large extensor process fractures treated by internal fixa¬ 
tion also appears good in the small number of cases re¬ 
ported. Three of four cases treated with lag screw fixa¬ 
tion achieved soundness. 8,20 Removal of chronic large 
extensor process results in a fair prognosis. In one report, 
8 of 14 horses returned to their intended use/ A guarded 
prognosis is given if DJD of the distal interphalangeal 
joint is present. 
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PYRAMIDAL DISTORTION OF THE HOOF 
AND DORSAL PASTERN REGION 
(PYRAMIDAL DISEASE OR BUTTRESS 
FOOT) 



Figure 8.85 Low nngbom that led to pyramidal distortion of the 
hoof wall. 


Pyramidal distortion of the hoot and the distal dorsal 
pastern region can result from a large chronic extensor 
process fracture (most common) or from a phalangeal 
exostosis involving the extensor process of the distal 
phalanx and the distal middle phalanx.*** For more in¬ 
formation regarding large extensor process fractures, 
refer to that section in this chapter. If phalangeal exosto¬ 
sis is the cause, it usually represents an advanced form 
of low ringbone.’ The exostosis can cause an enlarge¬ 
ment at the coronary band at the center of the hoof (Fig. 
8.84) or, in chronic cases, cause a triangular (pyramidal) 
distortion of the dorsal hoof wall’ 1 * (see Fig. 8.79). 



Figure 8.84 Lateral view of a horse with low nngbone. Note the 
extensive swelling dorsal to the coronet batxt. 


Etiology 

Excessive strain of the attachments of the long or com¬ 
mon digital extensor and the extensor branch of the sus¬ 
pensory ligament as these attachments insert on the ex¬ 
tensor process of the distal phalanx is a proposed cause. 
The strain can result in a reactive periostcitis and a subse¬ 
quent exostosis (Fig. 8.85). The phalangeal exostosis 
could also result from exrernal trauma. 

Horses with high heels and short toes and horses that 
move with limbs lifted high in a short and rapid manner 
(a “trappy gait”), such as the Past} Fino, seem predis¬ 
posed to this problem. It has been suggested that the 
rapid angular acceleration of the foot in high-heeled 
horses may be responsible for tearing the soft tissue inser¬ 
tions at the extensor process. 6 

Signs and Diagnosis 

An enlargement in the dorsal pastern region is often 
seen proximal to the coronary band (Fig. K.H4). The hair 
in the region may also have a tendency to stand upright, 
and the foot of the affected limb is smaller than that of 
the unaffected limb. Digital pressure over the site may 
elicit a painful response, particularly in the earlier stages 
of the disease. The signs of lameness are not specific, but 
the horse often “points” the affected foot. 1 At exercise, 
the cranial phase of the horse’s stride is usually short¬ 
ened, and reduced extension of the fetltxrk during the 
stance phase is evident. The phalangeal flexion test is 
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often painful, and it may exacerbate the lameness. In 
chronic cases, the shape of the dorsal hoof wall changes 
to a pyramidal shape that extends from the coronary 
band distad to the weight-bearing surface (see Fig. 8.80}. 
Radiographs reveal variable changes in the middle and 
distal phalanges and, in some cases, the coffin joint (Fig. 
8.85). 

Treatment 

No treatment is of particular value in relieving the 
proliferative exostosis (low ringbone). In early cases with 
a reactive periosteitis, intralesional injection of corti- 
coids and immobilization of the distal extremity may be 
of some help. 1 Nonsteroidal anti-inflammatory treat¬ 
ment is also logical. Palmar digital neurectomy in the 
proximal pastern region may also relieve some signs of 
lameness in chronic cases and allow limited use of the 
horse. Corrective trimming and shoeing is aimed at eas¬ 
ing breakover (refer to trimming and shoeing subsection 
under “Navicular Syndrome”). Additionally, it has been 
suggested that rasping the dorsal hoof wall from just 
below the coronary band to the toe may relieve pressure 
and pain temporarily. 4 However, this approach has little 
effect on the progress of the disease process. Radiation 
therapy has also been suggested to reduce the develop¬ 
ment of the exostosis. 4 

If a large extensor process fracture is the cause, the 
extensor process fragment can be excised surgically 
(refer to “Treatment of Extensor Process Fractures” in 
this chapter) (see Figs. 8.77 and 8.82). 

Prognosis 

The prognosis is unfavorable in all cases of peri osteitis 
(low ringbone) and fair for the surgical removal of large 
extensor process fractures. 
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PENETRATING WOUNDS OF THE FOOT 

Penetrating wounds of the foot are commonly seen in 
equine practice. The injury is often sustained by the horse 
stepping on (bottom of foot) or contacting (coronet 
band) a sharp object. Although any deep puncture 
wound of the foot can be potentially serious, those that 
penetrate the frog region or coronary band and involve 
vital structures (deep digital flexor tendon [DDFTj or 
digital sheaths, navicular bone or bursa, and the distal 


halanx and the distal intcrphalangea! (coffin) joint) can 
e career and life threatening. Early identification of the 
involvement of a vital structure, aggressive medical treat¬ 
ment, and early surgical intervention has much to do 
with the success of the outcome. I,s ’ 11 13,1 

Penetrating wounds of the foot have been classified 
according to their depth and location. 14 Superficial 
wounds penetrate only the cornificd tissue and do not 
invade the corium; the result is often a subsolar abscess. 
Deep wounds arc separated further into three types, all 
of which penetrate the germinal epithelium. Type I pene¬ 
trates the sole corium, possibly resulting in septic osteitis, 
fracture of the distal phalanx, or digital cushion abscess. 
Type II penetrates the corium deep to the frog, poten¬ 
tially resulting in a septic deep digital flexor tendinitis, 
navicular bursitis, distal intcrphalangea! joint septic ar¬ 
thritis, abscess of the digital cushion, septic osteitis of 
the distal phalanx or navicular bone, or fractures of the 
distal phalanx. Type III penetrates the coronary hand, 

{ potentially resulting in septic osteitis of the distal pha- 
anx, septic chondritis of the collateral cartilage, or septic 
arthritis of the distal intcrphalangea) joint (J ig. 8.86). 

Clinical Signs and Diagnosis 

The clinical signs may vary, depending on the depth 
(superficial versus deep), location of the injury (sole ver¬ 
sus coronary hand), and chronicity of the injury. Al¬ 
though superficial wounds that do not penetrate the der¬ 
mis may be asymptomatic for a few days until a subsolar 
abscess develops, deep wounds involving the dermal 
lamina generally result in acute localizing signs of lame¬ 
ness. Also, wounds in the frog region that involve vital 
structures usually become rapidly symptomatic. Horses 
arc often seen pointing the foot, and when they walk, 
selective weight bearing (landing on the toe if the heel 
region is involved) may be seen before inflammation and 
infection become widespread. On palpation, the hoof is 
often warmer than normal and a prominent digital pulse 
can usually be palpated. l,J * 14 Careful examination of the 
sole (visual, hoof tester, and probing) and coronary band 
is important. One study suggested that any penetrating 
wound of the foot deeper than t cm should be considered 
serious. The approximate depth of a perpendicular pene¬ 
tration before vital structures become involved is 1 cm 
for the sole, 1.5 cm for the frog, and 1.2 cm for the hoof 
wall. 10 

If a foreign body is present in the bottom of the foot, 
it should be left in place while a radiograph is taken; 
however, care should be taken so it is not driven deeper 
into tissue (Fig. 8.87). If a wound is not obvious, careful 
application of hoof testers may be helpful in identifying 
focal pain, which, in turn, may indicate a site of penetra¬ 
tion. If the sole is thick and firm, trimming may have to 
precede hoof tester examination. Once a focal site of 
pain is found in the sole or frog, it is then pared with a 
hoof knife. If the injury is acute (before infection) and 
involves the sole, all that may be seen is a crack or small 
hole. Generally, puncture wounds of the sole appear 
black at the entry site (Fig, 8.88). Wounds that penetrate 
the frog can be particularly difficult to identify because 
the tissues being softer and more elastic than the sole 
tend to collapse and fill in the tract. More complete par- 


Copyrighted material 



Hidden page 



Chapter 8 Lameness 705 



Figure 8.88 Penetrating wound ot the sole. The metal probe is 
in the defect. 


Figure 8.89 Hole in the lateral sulcus (arrow) became evident 
after this region was pared with a hoof knife 





Figure 8.90 A. Probe placed in the penetrating 
wound of the sulcus lo identity ihe depth and 
direction of the injury B Lateral slightly oblique 
view of the foot, indicating that there is a high 
probability that the navicular bursa was penetrated 
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Figure 8.95 A, Probe placed in a penetrating wound in the foot. The tip of 
the probe is close to the digital sheath. B Fistologram reveals that the digital 
sheath was penetrated Note the contrast matenai is going proximal in the 
digilal sheath. 




Figure 8.96 Bone sequestrum (arrow) and septic osteitis of the 
distal phalanx that resulted from a penetrating wound to the foot. 



Figure 8.97 Treatment plate shoe The metal plate on the nght 
can be attached to the shoe to protect the bottom of the foot from 
contamination and pressure. 


gion to reduce bleeding. Wounds that penetrate the distal 
halanx should be opened, and the distal phalanx should 
e curetted until healthy bone is visualized. If osteomyeli¬ 
tis is established or if a sequestrum is present, it should 
be surgically treated in the same fashion, except that a 
tissue sample should be taken for culture and sensitivity. 
It is reported that as much as 24% of the distal phalanx 
can be removed and function of the foot can be normal. 

Wounds that penetrate the navicular region should be 
carefully dissected to their depth. If the navicular bursa 
has been penetrated, a “street nail“ operation is per¬ 
formed by creating a window into the DDFT. 7,11 A com¬ 


munication between the distal intcrphalangcal joint or 
digital sheath and navicular bursa can be identified at 
this time by injecting sterile poly ionic salt solutions into 
the joint from a dorsal location or into the digital sheath 
from a proximal site. If the joint is involved, fluid may 
be seen coming through and opening in the impar liga¬ 
ment. If the digital sheath is involved, fluid will be seen 
to flow from the opening in the navicular bursa. After the 
identification of a communication with either synovial 
structure, I to 2 I of sterile polvionic fluid followed with 
1 I, of 10% dimethyl sulfoxide (DMSO) solution should 
be flushed through the synovial cavity. Imrasynovial in¬ 
jection of a broad-spectrum antimicrobial is also appro- 
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non of the collateral cartilage (e.g., interference), foot 
abscesses, chronic ascending infections of the white line 
(gravel) in the quarters, and hoof cracks that arc deep 
enough that infection becomes localized in the collateral 
cartilages. 1 ’ 4 

Signs 

Quittor is characterized by the formation of abscesses 
in the collateral cartilages that break open and drain just 
proximal to the coronet band. A history of recurrent 
drainage from fistulous tracts overlying the affected car¬ 
tilage and intermittent severe lameness is common. 
Swelling, heat, and pain when pressure is applied above 
the coronary band over the affected cartilage and pain 
when hoof testers arc applied to the affected quarter are 
also common. The degree of lameness is usually related 
to the patency of the fistulous tract draining the ab¬ 
scesses. As pressure in the abscess builds, the lameness 
increases, and the horse may exhibit an acute non- 
weight-bearing lameness. Once the abscess breaks open 
and drains, the lameness subsides. Chronic inflammation 
of the involved collateral cartilage may result in perma¬ 
nent damage and deformity of the foot and cause persis¬ 
tent lameness. 

Diagnosis 

The diagnosis of quittor is based on a history of recur¬ 
rent swelling, the affected collateral cartilage and the 
presence of one or more fistulous tracts proximal to the 
coronet hand, and intermittent lameness. Swelling and 
pain over the affected cartilage supports the diagnosis. 
Quittor should be differentiated from shallow abscesses 
and ascending infection of the white line (“graveT’). 

The drainage tract associated with gravel is located 
at or just proximal to the coronary' band, and the inflam¬ 
matory process usually is localized. With quittor there 
may be multiple fistulous tracts, the swelling is usually 
more diffuse, and it is located more proximallv over the 
collateral cartilages . 2,4 * 5 

Radiographs can be helpful to rule out bone involve¬ 
ment. The depth and dimension of these fistulous tracts 
can he elucidated with fistulography or the placement 
of a sterile flexible metal probe in the tract (Fig. 8.101). 

Treatment 

The treatment of choice is surgical excision of the fis¬ 
tulous tracts and necrotic cartilage. '* 11 Because of the lim¬ 
ited blood supply to the cartilage, medical management 
with systemic antibiotics, foot soaks, and injection of 
the fistulous tracts with antiseptics or escharotics and 
enzymes is generally less effective and frequently pro¬ 
longs the inevitable decision for surgery. 4 Prior to sur¬ 
gery, the hair in the pastern region is clipped, and the 
hoof is trimmed, rasped, scrubbed, and then placed in a 
povidone iodine-soaked bandage. At surgery , the foot is 
held in rigid extension by the placement of wires through 
holes drilled through the white line in either side of the 
hoof w'all. Traction is then applied to the hoof. Extend¬ 
ing the foot tenses the joint capsule and retracts it from 



Figure S.101 Stenle probes can be used to identity the depth 
and location of a tract. 


the surgical dissection plane, thus reducing the chances 
of inadvertent penetration of the distal imerphalangeal 
joint. 2,4 A tourniquet is also recommended. 

Adams' described a technique of elliptic incision dor¬ 
sal to the coronet that is effective in treatment of this 
condition and that heals it rapidly. However, the method 
by which deep-seated necrosis of the cartilage located 
below the coronary band is handled is not described, 
particularly with reference to how to establish ventral 
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Figure 8.102 Curved incision made just proximal to the 

coronary band A stenfe probe was used to identify the tract. 


drainage. For that reason 1 prefer to make a curved inci¬ 
sion beginning just dorsal to the coronary band over the 
diseased collateral cartilage (Fig. 8.102). The flap is dis¬ 
sected distad to expose the collateral cartilage, and a 
sterile probe is used to identify the draining tract. Ne¬ 
crotic cartilage is recognized by its dark blue or reddish 
blue appearance. All of the necrotic soft tissue and carti¬ 
lage is excised until only clean margins remain. If the 
necrotic cartilage extends to or below the coronary band, 
a hole is drilled in the hoof w^all over the ventral most 
limits of the necrotic cartilage to provide drainage (Fig. 
8.103). Only in advanced cases is the entire cartilage 
removed. 2 If all of the necrotic tissue is removed and 
clean margins are evident, the elliptical incision can be 
closed primarily. Then the foot and pastern region are 
protected with application of either a bandage or a cast 
of the lower limb. If a cast is used, it removed in 10 to 
14 days. 2 If there is question as to w hether all the infected 
tissue has been removed, a multi fenestrated polyethylene 
tube can be placed in the wound and sutured to the limb 
proximally. The remaining tract is then packed w T ith an 
antiseptic-soaked 4x4 sponge, the top of the skin flap 
is incised so an opening remains at its top, and the flap 
is sutured (Fig. 8.104). The foot and sole can be either 
bandaged or placed in a protective boot. In either case, 
the surgical site is protected with sterile bandages. On the 
following day the bandage is removed, and the w ound is 
flushed w ith a dilute povidone iodine solution. This is 


i 



Figure 8.103 Hole made through me homy layer of the hoof 
wall down to the vascular layer at the distal limits of me tract 


continued daily until all evidence of infection is gone. 
Antiseptic packing through the hole in the hoof wall is 
continued until infection is abated. In cases in which the 
necrotic cartilage does not extend to or below the coro¬ 
nary band and good ventral drainage can be achieved 
without drilling a hole, the flush system is applied, and 
the remaining drain tract is packed directly. Most cases 
I have treated have required drilling the hoof wall either 
to establish drainage or to remove necrotic cartilage at 
that depth. In all situations, incisions or excision of the 
coronary band should be avoided. Antiseptic flushes are 
usually continued for 2 to 3 days, after which rhe flush 
tube is removed. The packing is continued with smaller 
amounts of gauze until one is assured that no infection 
remains. Sutures are removed on day 14, and the remain¬ 
ing hole in the hoof wall is filled with acrylic as soon as 
a firm cornified layer develops. If acrylic is placed in the 
hole prior to this time, the exothermic (heat) reaction 
results in necrosis of the sensitive laminae and infection. 
Most frequently, acrylic can be placed in rhe hoof wall 
within a 4- to 6-w'eek period after the initial surgery. 
Exercise can usually be begun in approximately 2.5 to 
3 months. 

Prognosis 

The prognosis for acute and subacute cases after com¬ 
plete excision of the necrotic cartilage is good. Secondary 
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Figure 8.104 After the tract has been detected, the skin is 
sutured, leaving a small opening at the top. The tract is packed 
with gauze soaked in Betadine solution. 


complications, such as osteomyelitis of the distal pha¬ 
lanx, septic arthritis of the distal interphalangeal joint, 
or infection of the digital cushion or other soft tissues 
in the foot, reduce the prognosis appropriately. 2,4 One 
study documenting the outcome of 16 horses treated for 
necrosis of the collateral cartilage of the distal phalanx 
found that horses with drainage of less than I-month 
duration had a better prognosis for return to soundness 
than horses with drainage of longer than l-month dura¬ 
tion prior to the initiation of treatment. 4 
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GRAVEL (ASCENDING INFECTION OF THE 
WHITE LINE) 

Gravel is the layman’s term for what supposedly is a 
migration of a piece of gravel from the white line proxi- 
mad to the coronet band, where it is discharged as 
through a small abscess/ This does not occur; what does 
happen is that an opening in the white line permits infec¬ 
tion to invade the laminae, which results in the develop¬ 
ment of a submural abscess. The abscess follows the line 
of least resistance and eventually breaks and drains at 
the coronary^ hand. 

Etiology 

A wound or crack in the white line or a separation 
in the white line (“seedy roe”) and a subsolar abscess 
adjacent to the white line may predispose the horse to 
this condition. 

Signs and Diagnosis 

Lameness similar to that observed with subsolar ab¬ 
scesses or a penetrating wound to the foot may lie ob¬ 
served in horses with ascending infections of the white 
line. 1 Moderate to severe lameness usually appears 1 or 
2 days before drainage at the coronet band occurs. The 
condition, however, may go undiagnosed until drainage 
at the coronet band is observed. Signs of lameness may 
also vary according to the severity of the infection and 
location of the site of infection. The horse may modify 
its gait and selectively bear weight according to the loca¬ 
tion of the abscess. Hoof tester examination can help 
determine the approximate location of the ascending in¬ 
fection before it breaks out at the coronet band. If the 
hoof tester examination localizes pain to the hoof wall, 
careful examination of the white line and sole in the 
painful region should be done. Before examination of the 
sole and white line, the hoof should be trimmed lightly. 
Exploring any black areas (black spots) with a flexible 
metal may reveal the site where the laminae was pene¬ 
trated (Eig, 8.105). Each of these dark sites should be 
probed to their depth. If the probe enters the laminae and 
exudate is observed, rhis is likely the site of the original 
wound. Diagnostic anesthesia may be helpful in some 
cases to verify the location of the lameness to the foot. 
When the condition has been present for some time, 
drainage at the coronary band is noted. 

The diagnosis is often not made until the abscess 
breaks out at the white line. It is important that this 
condition he distinguished from quittor (necrosis of the 
collateral cartilages of the distal phalanx)/ The tract as¬ 
sociated with an ascending infection of the white line is 
superficial and usually breaks out just proximal to the 
coronet band. In contrast, draining tracts associated with 
quittor erupt from deep in the collateral cartilage. They 
may be multiple and are usually located I to 2 cm proxi¬ 
mal to the coronet hand. Fistulograms can be helpful in 
determining if the tract is deep or superficial. 4 

Treatment 

If an ascending infection of the white line is suspected 
but cannot be confirmed, then soaking the foot in con- 
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OSSIFICATION OF THE COLLATERAL 
CARTILAGES OF THE DISTAL PHALANX 
(SIDEBONES) 

Ossification of the collateral cartilages of the distal 
phalanx is common in some breeds of horses. The fore* 
feet seem to lx* more commonly involved than rhe hind- 
feet, and rhe clinical significance of the condition is ques- 
tionablc. 4 ** , * ,M,|H ' Female horses seem more susceptible 
to the development of this condition, and the lateral car¬ 
tilage often shows more ossification than the medial car¬ 
tilage. 1 J 2 The cartilage ossification can begin at the base 
of the cartilage or can originate as a separate area in the 
center of the cartilage. 3 ’ 7 ’* In either case, the palmar part 
of the cartilage is likely to he spared from the ossification 
process , 12 

In a radiographic study done on 462 Finnhorses, 80% 
had evidence of sidebones, and large sidcboncs or sepa¬ 
rate centers of ossification were significantly more com¬ 
mon in females than in males. 1 ? Although the incidence 
of larger sidebones was lower in young females (I to 3 
years) than older females (4 to 6 years), there was no 
significant increased incidence when 4- to 6-year-old 
horses were compared with horses older than 6 years of 
age. In another study, researchers found that 10% of 
Warmblood horses and 80% of Draft horses had ossifi¬ 
cation of the cartilages of the distal phalanx and that the 
ossification was more extensive in the draft horses than 
in the Warmblood horses. 1 ' Also, the lateral and the 
medial cartilages were ossified equally in Draft horses, 
hut the lateral cartilages were more commonly involved 
in Warmbloods. In this same study it was concluded that 
ossification of the cartilages had no clinical significance. 

Etiology 

The specific causes of sidebones are not clear. 11 It has 
been suggested that the tendency to develop sidebones 
is partly hereditary in certain horse breeds in Australia, 
Finland, and Sweden. 4,13 * 15 Hoof concussion causing 
trauma to the cartilage, poor conformation, particularly 
base narrow, and poor trimming and shoeing have also 
been proposed as causes. 14 One study documenting the 


incidence of sidebones in Finnhorses found that few 
horses were base narrow and that most horses were base 
wide and toed out. 11 Another study concluded that ossi¬ 
fication of the cartilages was neither the cause nor the 
result of conformational adaptations of the front feet. 11 
It has also been suggested that prolonged exercise or rac¬ 
ing may have some preventative influence on the devel¬ 
opment of ossification of the collateral cartilages. 1 ' 1 

Signs 

Lameness resulting from sidebones is considered rare, 
and the clinical significance of ossification being present 
is questioned. s One study found no correlation between 
the extent of ossification of the collateral cartilages and 
the onset of lameness. 1 ’ Furthermore, in spite of the de¬ 
velopment of large sidebones in many Finnhorses, most 
horses performed satisfactorily without lameness. 11 

Visually, an enlargement of the lateral and medial di¬ 
mensions of rhe pastern region may be recognized il the 
ossification process is extensive (Fig. 8.107). If the ossifi¬ 
cation involves the proximal extent of the cartilage, pal¬ 
pation will reveal an obvious firmness to the cartilage. 
Rarely is pain elicited with digital pressure, hut if it is, the 
sidebone may be contributing to the lameness. Sidebones 
may accompany other lamenesses associated with the 



Figure 8.107 Note the enlargement in the lateral and the 
medial dimension of the nght pastern region of this horse. The 
cause of the enlargement was ossification of the sidebones 
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SOLE BRUISES AND CORNS 

A bruise results from the rupture of blood vessels in 
the dermis (corium or sensitive tissue) beneath the sole, 
frog, or hoof wall. With time the hemorrhage spreads 
into the deep layers of the epidermis and becomes visible 
as the hoof grows. Accordingly, the discoloration associ¬ 
ated with a sole bruise is most often seen several weeks 
after injury, whereas the same injury occurring in the 
hoof wall may take months before it is apparent (Fig. 
8.110). Logically, bruises are most visible when the 
hemorrhage is superficial and the hoof is non pigmented. 
It is likely that the inflammatory response and increased 
subsolar pressure cause the pain associated with the in¬ 
jury. The rest of the discussion focuses on the bruising 
of the tissues of the bottom of the foot. 

Horses with flat feet, thin soles, and soft soles seem 
predisposed to bruising. 1 Also, horses that are barefoot, 
that have their hoof wall trimmed too short, or that have 
their hoof wall worn so that the sole protrudes below 
the hoof wall arc likely to bruise their soles. A “corn” 
is a bruise that involves the tissues of rhe sole at the angle 
formed by the wall and the bar (Fig. 8.11 I).’ This site 
is often referred to as the “scat" of the com. Corns occur 
most frequently on the inner angle of the forefeet and 



Fleur* 8.110 This horse had a sole bruise. Note the 
discoloration in the sole. Thumb pressure resulted in a painful 
response 



are rarely found in the hindfect. This may be because 
the forefeet bear more weight than the hindfect. If the 
bruised site becomes infected, an abscess may develop. 

Etiology 

Trauma to the sole is the cause of sole bruising. I lorses 
housed in muddy pens in freezing conditions, whether 
shod or not, often bruise their soles when the lumpy mud 
freezes hard. Also, horses that are barefoot and housed 
in rocky paddocks or pastures also are susceptible to 
bruising. Trimming of the hoof wall to short and the 
sole to thin can also cause sole bruising. Also, flat-footed 
horses that have repeated concussion to the sole adjacent 
to the white line because the sole contacts the inner as¬ 
pect of the shoe often develop sole bruises. 4 Shoeing that 
concentrates weight hearing on the sole is likely to cause 
bruising also. 

Corns are usually caused by pressure from horseshoes 
or when a stone becomes wedged between the shoe and 
the sole. Also, when shoes are left on rhe feet too long, 
the heels overgrow the shoe, resulting in selective pres¬ 
sure on rhe sole at the angle of the wall and the bar, 
which can result in a corn. Additionally, if the farrier 
bends the inside branch of the shoe toward the frog, to 
prevent pulling or stepping off the shoe, this practice 
can result in direct pressure to the sole at the angle, and 
repeated concussion leads to bruising.' 6 The application 
ot a shoe that is one-half to one full size too small for 
the ftx>t also increases the pressure on the sole area at 
the angles/ Heel calks enhance this effect. Corns are rare 
among horses that are used barefooted. 

Signs and Diagnosis 

The signs associated with a bruised sole and a corn 
are similar, but sole bruises occur in the toe or the quarter 
regions rather than at the angle of the wall and har. 
Occasionally, the frog can be bruised also. Bruised sole 
or corns may be of dry, moist, or suppurating types. 
Dry bruises appear as red (old hemorrhage) stains. Moist 
bruises occur when serum accumulates beneath the m- 
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jured epidermis. Suppurating bruises are infected bruises 
that may involve the sensitive lamina. 

The horse will show varying degrees of lameness, de¬ 
pending on the severity and type of the bruise or com, 
and the attitude of the lameness and foor placement will 
vary according to the location of the bruise or corn. If 
the bruise is acute or infected, the hoof may appear 
warmer, and an increased digital pulse may be felt. 
Hoof testers often identify a site of pain unless the lesion 
is underneath the shoe at the white line. Perineal anesthe¬ 
sia may be required in some cases to exclude other 
sources of pain causing lameness. If the pain is localized 
to the foot region, the shoe should be removed, after 
which the exfoliating (flaky) sole is pared away with a 
hoof knife. Where acute bruises may not be readily ap¬ 
parent, because the hemorrhage has not migrated far 
enough distally, chronic bruises are usually visible as a 
‘‘stippled/’ reddened region. In some cases the discolora¬ 
tion may be bluish, especially if a sole abscess is devel¬ 
oping. 

Acute bruises may not be evident radiographically un¬ 
less a serum pocket or abscess has developed. On the 
other hand, chronic bruising may cause demineraliza¬ 
tion, increased vascular channels, and irregularity of the 
solar margin of the distal phalanx. 

Treatment 

Manv bruises resolve if the source of the trauma is 
removed. The horse should be rested from heavy work, 
especially if its soles arc abnormally thin. When possible, 
the environment of the horse should be changed so that 
it is not worked on rough ground. If the horse must be 
used, the sole can be protected with a full pad applied 
under the shoe, ('are is taken so pressure is not applied 
to the bruised site. Additionally, light paring of the sole 
overlying the bruise often relieves the pressure and makes 
the horse more comfortable." NSAlDs arc used as 
needed. 

If the bruise abscesses, removing the diseased sole 
should drain it. The foot then should be soaked daily in 
antiseptic solution, after which the wound is dressed 
with an antiseptic ointment and the foot is protected 
with a bandage until a healthy bed of granulation tissue 
develops. A treatment plate can then be applied to the 
shoe to provide access to the defect and to protect the 
sole. (See Fig. 8.98.) For more information about treat¬ 
ment plates the reader is referred to Chapter 9. 

In cases in which shoeing is the cause, removal of the 
shoe may be all that is necessary. To prevent shoes from 
causing corns, one must ensure that the heels of the shoe 
extend well back on the buttresses and fit full on the 
wall at the quarters and heels. Heel calks increase the 
chance of corns if a horse is shod too short at the heels 
or if the shoe is left on too long. 4 Removal of some of the 
tissue over the bruise helps relieve pressure, but sensitive 
tissue should not be exposed. The horse should be rested 
and should not be reshod until symptoms disappear. 

If the horse must be used for some reason, the wall 
and bar in the region of the com should be removed to 
prevent pressure by the shoe. A full support shoe can be 
applied to allow the frog to absorb the concussion that 
would normally be distributed to the corn area (Fig. 
9.79). 


Another option is to apply a wide-web shoe that has 
been made concave at the damaged region. This effec¬ 
tively decreases the pressure on the bruised site, 3,4 In 
cases in which it is difficult to place the wide-web shoe, 
a *4 inch plastic rim can be applied and cut out over the 
region of the affected sole/ 

Prognosis 

The prognosis is good for horses suffering from a sin¬ 
gle traumatic episode- and with horses with good foot 
conformation. The prognosis is guarded in horses with 
oor hoof conformation that arc continually worked on 
ard ground. Many of these cases become chronic, which 
eventually may cause osteitis of the distal phalanx. 
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CANKER 

Equine canker is a chronic hypertrophic, moist po- 
dodermatitis of the epidermal tissues of the foot that has 
a characteristic fetid odor. 2,5,8 Historically, the disease 
was primarily observed in the hind feet of Draft breeds; 
however, in recent reports there was no predilection for 
the hindfeet, and light breeds were also affected/ Al¬ 
though the cause of the disease is unknown, anaerobic 
gram-negative bacterial rods are consistently observed 
within epithelium. 7 *’ The infection results in abnormal 
keratin production or dyskeratosis, which is seen as fila¬ 
mentous fronds of hypertrophic horn. 5 In time, the infec¬ 
tion can spread from the frog region to involve the sole 
and hoof wall. ' The disease is most commonly seen in 
semi tropical areas of the southern states and in the 
humid environment of the Midwest. Canker may be mis¬ 
diagnosed as “thrush,” particularly in the early course 
of the disease, and unfortunately, the disease seems to 
flourish in the face of treatment aimed at resolving 
thrush. 8 The distinguishing feature of thrush being pri¬ 
marily the loss of frog tissue can be readily differentiated 
from the proliferative nature of canker. 8 

Etiology 

The exact cause of canker is unknown, but affected 
horses often have a history of being housed either on 
moist pastures year round or in wet unhygienic condi- 
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Figure 8.115 The keratoma has been removed, and the soft 
tissues and bone have been debnded. 


when the hoof defect is small and located distally. If the 
hoof wall resection extends proximad toward the coro¬ 
net, a metal strip that spans the defect can be attached 
to the hoof wall with %• to '4-inch sheet metal screws 
to further stabilize the foot (Fig. 8.116).*’* Without the 
metal strip the proximal portion of the resected hoof 
wall may become unstable, resulting in the development 
of exuberant granulation tissue and pain. 2 The screws 
can be covered with hoof acrylic to prevent them from 
backing out. The shoe is reset at 6- to 8-week intervals, 
and this process is continued until the hoof wall reaches 
the ground. The metal strip is left in place as the hoof 
grows and reaches the weight-bearing surface. 6 

A second method used to gain access to the keratoma 
is to make a hole in the hoof wall with a large Galt 
trephine. This technique can be done while the patient 
is standing and sedated. The location of the keratoma 
must be documented. This can be done by gross observa¬ 
tion and can be confirmed by radiographic documenta- 


Ftgurw 8.116 Metal stnp being used to span the defect in the 
hoot wall and a clipped shoe. The metal strip is attached to the 
hoof wall with screws, and acrylic (gray) is placed over the top of 
the screws. 


tion with metal objects used as markers. Multiple trephi¬ 
nation can be done to adequately expose the lesion. The 
major advantage to this approach is relativ e lack of dis¬ 
ruption of the hoof wall. Additional stabilization of the 
hoof wall is usually unnecessary/ 

Postopcrarively, bandages are changed every 3 to 4 
days, and bandage protection is continued until the de¬ 
fect is completely comified. This usually takes 2 to 3 
weeks/ Gradually increasing the concentration of iodine 
applied to the surface of the defect may l>c used to en¬ 
hance comification/ Once a firm cuticle is formed, the 
defect in the hoof wall may be filled with polymethyl¬ 
methacrylate.' The stabilizing shoe should be main¬ 
tained until the hoof defect has grown out distally in the 
hoof wall. This process occurs generally over a period 
of 6 to 12 months. Stall rest is recommended until the 
hoof defect is healed enough to allow hoof reconstruc¬ 
tion. Hoof wall reconstruction can be accomplished with 
a polymethyl methacrylate resin that may allow for a 
faster return to performance/ The acrylic is applied 
when the exposed laminar tissue is completely cornified 
and there is no evidence of lameness or radiographic 
changes in the defect/ 

Prognosis 

The prognosis is good for a return to performance if 
the abnormal tissue is completely removed/ In one 
study, 6 of 7 horses were sound 1 year after surgery with 
no recurrence of the keratoma. 11 Adequate stabilization 
of the hoof defect and complete removal of the lesion 
are most important to the outcome. 
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SELENIUM TOXICOSIS 

Selenium toxicosis of horses has been classically di¬ 
vided into three categories; an acute form, a subacute 
form with horses exhibiting blind staggers, and a chronic 
form of the alkali disease type. 2 ’’’ 8 The acute form results 
when a horse rapidly consumes large quantities of selen¬ 
ium. The single minimum lethal dose of sodium selenite 
for the horse is 3.5 mg/kg. 12 Signs of acute selenium toxi¬ 
cosis include severe dyspnea, diarrhea, incoordination, 
prostration, and death within a few hours after ingestion 
of toxic levels.** 8 Blind staggers was thought at one time 
to be a subacute form of selenium toxicosis caused by 
selenium's effect on the liver and brain. Presently, the 
symptom of blind staggers is thought to be caused by an 
alkaloid in selenium accumulator plants rather than 
from high levels of selenium intake.** Brittle dry hair, 
alopecia, abnormal hoof wall growth, and lameness are 
characteristic of the chronic form (alkali disease). 4 * 11 
These changes in the hair and hooves reflect selenium's 
ability to bind the sulfur-containing amino acids methio¬ 
nine and cystine, which affects celt division and 
growth. 10 Further discussion of this subject is limited to 
the chronic (alkali) form of the disease (sec Chapter 5, 
Selenium Toxicity, for more details). 

Etiology 

Chronic selenium toxicosis usually occurs after inges¬ 
tion of a ration containing at least 5 to 10 ppm of selen¬ 
ium (dry matter), 14 The tolerance limits for oral inges¬ 
tion of selenium-containing feed is 5 ppm. 1 Potential 
sources of foraged selenium are from secondary selenium 
accumulator plants or from grains grown in seleniferous 


regions. * 8 * 11 Seleniferous regions in the United States 
exist in California, Colorado, Idaho, Kansas, Montana, 
Nebraska, New Mexico, Oregon, South Dakota, Utah, 
and Wyoming. 1 ’ Similar areas also exist in western Can¬ 
ada, Mexico, Colombia, Ireland, Israel, and South Af¬ 
rica. 15 Three major plant groups extract selenium from 
the soil. Obligate accumulators require high selenium 
soil to grow and hence are called indicator plants. They 
can accumulate as much as 100 times the selenium levels 
found in other plants and may contain levels of 10,000 
ppm even in soils containing only moderate amounts of 
selenium, 14 Plants in this group include species of Astrag¬ 
alus (milk vetches), Haplupappus , Mac ha era tit her a, and 
Stanleya (prince's plume) (Fig. 8.117, A and B). These 
plants arc generally unpalatable and therefore are rarely 
a cause of selenium toxicity. The plants may be ingested 
during the first spring growth, however, when they ap¬ 
pear green and lush. 14 Facultative or secondary accumu¬ 
lators do not require increased levels of selenium in the 
soil to grow*. When selenium is present, however, these 
plants may accumulate as much as 25 to 100 ppm of 
selenium (dry matter), compared with other plants in the 
same area. Important species in this group include Aster, 
Atriplex (four-winged salt brush), Agropyron (wheat 
grass or hluestem), Castilleja, Comandra , Gutierrezia 
sarothral (broomweed, snakeweed, or match weed), 
Grindelia sq narrow (gumweed), Macbaeranlhera, and 
Sideratitht4S. These plants are common causes of selen¬ 
ium toxicosis. 14 Passive accumulators passively accumu¬ 
late selenium if it is present. Cereal grains, grasses, al¬ 
falfa, and weeds from seleniferous soil may contain more 
than 5 ppm of selenium, which is above the tolerance 
limits. 1,10 Chronic poisonings from selenium salts have 
also been reported in animals drinking water containing 
0.5 to 2.0 ppm of selenium/’ Additionally, diets low in 
sulfur (less than 0.05%) may be a factor predisposing 
animals to selenium toxicosis. 11 

Signs and Diagnosis 

Horses with chronic selenium toxicosis exhibit weight 
loss, hair loss, and lameness in all four limbs caused by 
defective hoof w r all growth. 7 ' 12 * 1 ** The hair coat is usually 
dull, short, and brittle, and the tail hairs and mane may 
be short (Fig. 8.118). There is no pruritus or skin lesions 
associated with the hair loss, nor is there a change in the 
coat color with the new hair growth. 414 The coronary 
band is often painful to palpation, and the band may 
separate, after w'hich necrotic material exudes from the 
defect 4 In severe cases, the hooves circumferentially de¬ 
tach from the coronary band region, and the hoof walls 
may slough. In less severe cases, horses develop uniform 
circumferential transverse fissures or cracks parallel to 
the coroner band in the hoof wall. These fissures may 
extend down to the sensitive lamina (Fig. 8.119). When 
the fissure has extended approximately halfw-ay dow r n 
the hoof wall, the low*er portion of the hoof frequently 
overrides the new hoof. ,h In some cases, subsolar ab¬ 
scesses may also be present. Congenital hoof w all defects 
have been reported in foals born to mares ingesting toxic 
levels of selenium. 1 Radiographs usually indicate no 
changes in the deep hoof wall structures. 

Although the diagnosis can be made from the clinical 
signs alone, samples of feed, serum, or tissues can be 
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Figure 8.120 Extensive avulsion injury of the hoot wall and 

coronet band that may limit function 


manenr hoof wall defects, the majority, if treated prop¬ 
erly initially, will heal without problems (Fig. 8.122>. 

If a horn {epidermal) spur develops as a result of com¬ 
plete avulsion or partial avulsion, it usually remains 
painful until surgical treatment is employed (Fig. 8.123). 
Neither partial loss of the distal phalanx or digital cush¬ 
ion nor collateral cartilages seems a serious detriment to 
future soundness. Involvement of the deep digital flexor 
tendon (DDFT), although serious, can result in pasture 
soundness and, in some cases, riding soundness if treat¬ 
ment is not delayed. On the other hand, treatment delay 
often results in degenerative changes within the tendon, 
and necrotic tendinitis may follow. Infection naturally 
accelerates this degeneration process and duly alters the 
prognosis. Other complications that may arise from 
these injuries include osteomyelitis and fracture of the 
distal phalanx, septic arthritis of the coffin joint, and 
septic tenosynovitis of the digital sheath. Even if these 
complications are not present, the horse may remain per¬ 
manently lame simply because of the volume of tissue 
loss. Although the time required for healing depends on 
the size and extent of the avulsion injury and the method 
of treatment, generally, 3 to 5 months are needed for 
healing of a complete avulsion, whereas incomplete avul¬ 
sions that are reconstructed surgically usually heal in 3 



Figure 8.121 Incomplete avulsion injury ol the hoof wall that 
involved the distal phalanx, A Avulsion injury B Dorsal palmar 
view identifying the involvement (fracture) of the distal phalanx 
(arrows). 
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persistent, however, took for the cause. T his often re¬ 
quires radiographic examination; in some cases, ultra¬ 
sound examination may be helpful to assess soft tissue 
involvement. If a portion of the wound remains unhealed 
and drainage is present or, historically, drainage or pus 
is seen periodically, infection deep to the site is most 
likely the problem. 

Although the diagnosis of avulsion injury is straight¬ 
forward, the involvement of deeper structures must be 
identified. Prior to a more complete examination of the 
wound, the hair is clipped from the surrounding region, 
and the wound site is cleaned with an antiseptic scrub, 
after which it is rinsed with a mild antiseptic sterile salt 
solution. If the avulsion extends to the sole, the sole may 
be trimmed and cleaned in a similar fashion. Loose pieces 
of dead tissue and debris arc removed during this clean¬ 
ing process. Once complete, the wound can be palpated 
digitally after a sterile glove has been applied. Further 
manipulation of the foot and phalanges at this time may 
be helpful to identify an open synovial structure, torn 
support structure, or a fracture. A sterile probe can be 
used for palpation of a small opening. If there is any 
question that a synovial structure is involved a needle 
should be placed in a site in the synovial cavity remote 
to the site of injury. Then sterile fluid is injected under 
pressure. Fluid flowing from the wound confirms that 
the synovial cavity was penetrated. 

Because fracture of the distal and middle phalanges 
may accompany these injuries, radiographic examina¬ 
tion should be performed on all cases in which deep 
avulsion injuries are present or in which draining tracts 
have developed during the healing process. Addition¬ 
ally, contrast radiographic studies of draining tracts 



Figur* 8.124 A. Incomplete avulsion injury of the hoof 
illustrated in Figure 6.121 after it was defended Note the coronary 
papilla is intact (arrows). Because of this, a normal hoof wall should 
grow. B. The hoof wall after 6 months appears normal 


may be helpful in identifying openings in synovial struc¬ 
tures. 

Treatment 

Incomplete Avulsion {Coronary Band Not Involved) 

Incomplete avulsion of the hoof wall at the heel and 
quarter without involvement of the coronary band can 
be managed with the horse either standing for limited 
involvement or in recumbency under general anesthesia 
for a larger avulsion. Although a sharp hoof knife and 
nippers can be used to excise these undermined regions, 
1 prefer to use a handheld electric drill to burr the hoof 
wall at its attachments. Using this method allows a more 
discrete removal of the hoof wall without a rearing of 
healthy hoof wall from the dermal laminae. I sing a hoof 
knife or nippers may result in tearing of healthy tissues. 
Additionally, the burring procedure allows the surgeon 
to debride the infected underlying tissues superficially. 
The dorsal attachment of the unaffected hoof wall can 
be beveled flush to the wound so that there is little ten¬ 
dency for it to be snagged, resulting in further separation 
(Fig. 8.124). All crevices within the wound ire debrided 
until only healthy tissue remains. After debridement is 
completed, the wound is lavaged with a mild antiseptic 
sterile salt solution delivered under pressure to achieve 
at least 7 psi. After this, an antiseptic or antibiotic dress¬ 
ing is applied to the wound, w’hich is protected by a 
sterile bandage. Bandages arc changed at 2- to 4-day 
intervals, at which time the wound is cleaned, retreated, 
and protected in a similar fashion. Alternatively, a rub¬ 
ber or plastic boot can be used instead of a bandage. 
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VERTICAL TEARS OF THE HOOF WALL 

Vertical tears of the hoof wall can be difficult to recog¬ 
nize and arc an ill-defined entity. 1 They occur most fre¬ 
quently at the medial quarter and heel and are caused 
by tearing of the hoof wall from the underlying soft tissue 
of the hoof. 

Etiology 

Although the cause is unknown, it occurs most fre¬ 
quently in 2- to 3-year-old Thoroughbreds with small 
feet for their size. Commonly, these horses also have long 
toes, underrun heels, thin walls, and flat soles. At ne¬ 
cropsy, a loss of the normal attachment occurs between 
the laminae that may extend to the solar surface, and 
hemorrhage is usually present.* It appears like a focal 
acute laminins without rotation of the distal phalanx.* 

Clinical Signs and Diagnosis 

Visually, one can often see hemorrhage through the 
hoof wall in white-footed horses (Fig. 8.129). 1 Although 
the degree of lameness can range from mild to severe, it 
is usually mild but sufficient to affect performance. It is 
more difficult to appreciate lameness on soft surfaces, 
but when the horse is trotting on hard surfaces, shorten¬ 
ing in the stride is obvious. On hoof tester examination, 
pain is present, and an obvious lack of hoof wall strength 
is noticed. 1 Prolonged hoof tester application either 
causes or exacerbates a lameness. Unilateral perineural 
anesthesia of the palmar digital nerve usually relieves the 
signs of pain and lameness. 

Treatment 

The treatment can be difficult to attain quickly, be¬ 
cause the foot so often is underrun and small, and a thin 
wall exists. Because a vertical tear remains until the hoof 
wall has grown to the solar surface, the initial treatment 
is aimed at corrected trimming and providing stability 
to the foot so that tearing will not continue. 1 “ Relief of 



Figure 8.129 Hemorrtiage and discoloration of the medial hoof 
wall that can occur with vertical tears of the hoof wall. 


pain can usually be provided by 1) correcting any 
shoeing disorder that exists (poorly placed shoe or a shoe 
that is too small) and 2) using steel training plates with 
quarter clips to provide hoof wall stability. 1,2 The foot 
should be shod as flat as possible, so calks and toe grabs 
are not used. 

Prognosis 

The prognosis should be good if the proper corrective 
trimming and shoeing is done and the owner-trainer con¬ 
tinues to treat the problem. 
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Part II 


THE PASTERN 

Ted S. Stashak 

DEGENERATIVE JOINT DISEASE OF THE 
PROXIMAL INTERPHALANGEAL 
(PASTERN) JOINT (HIGH RINGBONE) 

The term high ringbone, used to describe degenerative 
joint disease (DJD) of the proximal interphalangeal joint 
(PIPJ) has been somewhat confusing. Historically, ring¬ 
bone was used to describe any bony enlargement of the 


phalanges in the pastern region below the fetlock joint, 
which may lead to osteoarthritis. 1 * 24 If the bony enlarge¬ 
ment was associated with the distal proximal phalanx 
(PP> and the proximal aspect of the middle phalanx with 
or without PIPJ involvement, it was classified as high 
ringbone. If the bony enlargement was associated with 
the distal aspect of the middle phalanx and the proximal 
aspect of the distal phalanx with or without distal inrer- 
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phalangeal joint (DIPJ) involvement* it was classified as 
low ringbone, 1 ' 1 '* Low ringbone has already been dis¬ 
cussed; for more information, therefore, the reader is 
referred to “Pyramidal Distortion of the Hoof and Dor¬ 
sal Pastern Region” in this chapter. Since ringbone is 
purely a descriptive term for bony enlargement of the 
astern region, it has been suggested that it be replaced 
y more specific terms that describe the anatomic site 
involved and the pathologic process.* 

Ringbone has also been classified as articular (involv¬ 
ing the joint surface) or periarticular (involving the struc¬ 
tures at the perimeter of the joint and including the adja¬ 
cent phalanges). Supporting the distinction between 
articular and periarticular is a limited study done in 
young horses (younger than 4 years) in which histologic 
examination of the diseased PIPJ revealed that periarti¬ 
cular changes preceded the development of articular car¬ 
tilage changes. 1 ’ Unlike osteochondrosis, in which the 
disease process is centered at the osteochondral junction, 
the earliest changes seen in these young horses occurred 
in the superficial layer of the cartilage. Subchondral bone 
cyst formation and bone sclerosis occurred secondary to 
the cartilage degeneration in a pattern consistent with 
DJD. 13 On radiographic examination, the two forms can 
be distinguished in a small number of cases. In these, 
periarticular bone proliferation precedes articular 
changes, which include marginal osteophyte formation 
and narrowing of the joint space. 30 Most cases, however, 
present with joint involvement and periarticular pathol¬ 
ogy. Therefore, it is suggested that the distinction be¬ 
tween articular and periarticular is probably inappro¬ 
priate in most cases, 1 Further supporting this is the 
difficulty in differentiating between the articular and the 
periarticular forms of the disease at necropsy, when the 
condition becomes chronic. 24 Therefore, in this section, 
DJD of the PIPJ includes both articular and periarticular 
forms of the disease. DJD has also been described as 
osteoarthritis or osteoarthrosis . 19,30 

DJD (arthrosis) of the PIPJ is an important and com¬ 
mon cause of lameness in virtually all breeds and ages of 
horses. 21 In one study, the disease represented the most 
common reason for insurance claims for musculoskeletal 
disorders among horses insured in Sweden. 2 Horses 
older than 5 years seem at greater risk. 616 The forelimbs 
arc affected more frequently than the hindlimbs except 
when proximal palmar or plantar eminence fracture of 
the middle phalanx result in osteoarthrosis or when os¬ 
teochondrosis (OC) is the cause. In the latter two, the 
hindlimbs are involved more frequently. 1 * 30 A higher in¬ 
cidence of the disease has also been identified in geldings 
compared with stallions and mares.* The possibility of 
a hormonal imbalance in geldings was proposed as the 
cause. 

Etiopathogen«si$ 

The causes for DJD of the PIPJ are varied. They in¬ 
clude OC and selective weight bearing in horses younger 
than 4 years, various forms of trauma, septic arthritis, 
conformation defects, and heredity. 1,11 ” 13,40 

When OC is the cause, it is usuallv seen in horses 
younger than 3 years of age, the hindlimhs are involved 
most frequently, and more than one joint can be affected. 


\ 

\ A 


Figure 8.130 Laceration to the pastern region several months 
before presentation tor a lameness workup, Note the osseous 
changes associated with the middle phalanx, the PIPJ. and the 
distal PP (arrows). (Courtesy ol Dr. Paul Foy.) 


In one study, 6 horses diagnosed with OC had 9 PIPJs 
involved. 30 The reason the distal end of the PP is affected 
most commonly with OC is unknown. Selective exces¬ 
sive weight bearing in horses younger than 4 years of 
age has also been shown to be a cause of this condition." 
In a limited study done in 6 young Thoroughbred horses, 
DJD of the PIPJ developed in the contralateral support 
limb after severe lameness in the opposite rear limb. 

In older horses the condition often occurs from var¬ 
ious forms of trauma to the periarticular soft tissues and 
the PIPJ itself. The trauma may cause pulling or tearing 
of the periosteal attachments of the extensor tendons, 
ligaments, and joint capsule, resulting in periostitis and 
new bone formation. If the soft tissue injury is severe 
enough to cause joint instability or subluxation, direct 
cartilage damage and DJD may follow. Whether primary 
synovitis is a distinct entity involving the PIPJ is un¬ 
known. 1 Because the PIPJ is a low-motion, high-load 
joint, the articular cartilage and subchondral bone are 
placed under a greater workload, making these struc¬ 
tures more susceptible to injury from non physiologic 
loading. 2 '* Interestingly, the articular lesions associated 
with DJD of the PIPJ resemble experimental lesions in¬ 
duced in immobilized joints placed under sustained pres¬ 
sure.In the performance horse the injury may be a 
result of an imbalance between a repetitive microtrauma 
sustained in athletic performance and an adaptive repair 
mechanism of the skeletal tissue, or it may result from 
a single event. 1 * 20 Direct blows to the region and lacera¬ 
tions into or at the margin of the PIPJ or involving the 
collateral ligaments with or without the development of 
septic arthritis have also been implicated as a cause (Fig. 
8.130).Various fractures of the phalanges involving 
the PIPJ can cause DJD also. 

Conformational defects can result in abnormal forces 
being applied to the PIPJ and the periarticular soft tissue 
support structures, which can cause DJD. In a limited 
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study done in young horses that had not participated in 
any strenuous exercise, faulty conformation was be¬ 
lieved to be the cause of DJD of the PIPJ.’ Poor confor¬ 
mation may predispose to pulling or tearing of the collat¬ 
eral ligaments, joint capsule, and tendon insertions. 
Horses that are base-narrow and toe-in or toe-out are 
thought to be predisposed to osteoarthrosis on the lateral 
side of the joint, whereas horses that are base-wide and 
toe-in or toe-out arc believed to be predisposed to injury 
and arthrosis on the medial side of the joint because the 
foot and limb conformation exerts greater stress on these 
regions. 

The condition is considered inheritable by some, 26 but 
it is probably inheritable through poor conformation. 
Pasterns that arc overly upright may result in increased 
concussion to the PIPJ. 1 Osteoarthrosis may result from 
abnormal joint surface shape (uneven spacing of the ar¬ 
ticular surfaces of the pastern joint and insufficient 
height of the intermediate ridge dividing the proximal 
articular surface of the middle phalanx), which can result 
in abnormal stress. 12 

Although the pathogenesis for use-related os¬ 
teoarthrosis of the PIPJ is undetermined, the following 
appears logical. Injury to periarticular soft tissues results 
in pain and healing by fibrosis. It is proposed that the 
pain and periarticular fibrosis further limit the motion 
of the PIPJ, causing a sustained loading of a small area 
of the joint surface and subchondral bone. 21 ' The focal 
loading results in cartilage cell death and remodeling of 
the subchondral bone. The subchondral bone then re¬ 
sponds by recruiting bone-remodeling units, and in an 
attempt to relieve pressure, cysts are formed. Osteogenic 
granulation tissue arising from the cystic sites of the sub¬ 
chondral bone penetrates the necrotic cartilage and 
merges with the granulation tissue from the opposite sur¬ 
face. Fibrous ankylosis is followed by bony ankylosis. If 
the bony bridges are strong enough to maintain joint 
stability, the process progresses to involve more of the 
joint surface. 

Clinical Signs 

Variable enlargement of the pastern region may be 
evident visually as well as on palpation. The swelling 
may be focal or diffuse (Figs. 8.131 and 8.132). On pal¬ 
pation, heat and pain with firm digital pressure may be 
appreciated, depending on how acute the injury is. Addi¬ 
tionally, the affected pastern joint region may feel larger, 
particularly the dorsolateral and dorsomedial surfaces, 
than the contralateral joint. Lameness is also variable 
and is usually exacerbated at a trot, at exercise on an 
uneven surface (c.g., slope), or by circling at a trot (in¬ 
creased lameness is seen when the affected limb is on the 
inside of the circle). In some cases during foot flight, an 
exaggerated extension of the toe may be seen before foot 
placement. 2s In most cases, there is pain on flexion and 
rotation of the pastern region, unless the joint has under¬ 
gone ankylosis. The lameness completely blocks out with 
a pastern ring block and may only partially block out 
with perineural anesthesia of the palmar or plantar digi¬ 
tal nerves at the base of the proximal sesamoid bones, 
intrasynovial anesthesia only blocks out the intraarticu- 
lar pain. 



Figure 6.131 Focal swelling on the medial side of the right fore 
pastern region that can be seen in some early cases of DJD of the 
PIPJ. 



Figure 8.132 Diffuse enlargement of the pastern region. This 
horse had advanced radiographic changes consistent with DJD of 
the PIPJ. 
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Figure 8.135 Dorsal plantar view of a horse with DJD of the 
pastern joint, The degenerative process Is characterized by 
narrowing of the joint space, subchondral lucencies and scterosis. 
and a large osteochondrosis lesion in the proximal extremity of the 
middle phalanx (arrow). 



Figure 8.136 Joint space collapse and narrowing. Sclerosis 
(while arrow) and subchondral cyst formation (black arrow) are 
also seen. 



Figure 8.137 Lateral view of osteophyte formation. Note the 
development of the osteophytes on the dorsum and plantar 
articular margins (white arrows) and the proliferative exostosis 
(black arrow), 


Ultrasonography can also he used to evaluate the soft 
tissue support structures in the pastern region. One study 
found that injury to the branches of the superficial digital 
flexor tendon and the desmitis of the oblique distal sesa¬ 
moid ligament were common. 22 Injury to the axial pal¬ 
mar ligament of rhe PIP) has also been documented . s 

Treatment 

Conservative management involves rest, anti-inflam¬ 
matory therapy, trimming and shoeing, and controlled 
exercise. Stall confinement and rest from exercise are 
important to prevent further trauma, reduce inflamma¬ 
tion, particularly for the acute injury, and allow healing 
to occur/’ 2 * Resr periods may extend from weeks to 
months. Prolonged rest for 3 to 7 months in foals and 
weanlings (younger than 7 months of age) with early 
signs of DJD may allow some horses to heal completely 
and to perform at their intended use. 

Anti-inflammatory treatments are often only pallia¬ 
tive but may allow continued use for some time. Phenyl¬ 
butazone administered orally at 2.2 mg/kg every 24 
hours for 10 to 14 days with rest is recommended for 
the acute injury . Phenylbutazone is rhen administered as 
needed. For chronic cases, phenylbutazone administered 
before performance, during the days the horse is per¬ 
forming, and after performance may allow some horses 
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Figure 8.145 A Laceration ot the pastern region that entered 
the PtPJ. On manipulation, a lateral instability could be 
appreci ated 8 Lateral view Note subluxation of the PIPJ and the 
fractures associated with the region of trauma 


Figure 8.144 Note the diffuse swelling in the pastern region of 
the right forelimb. On manipulation, instability of the PIPJ could be 
appreciated- Stress radiographs revealed a subluxation ot the 
PIPJ. 


and a limb deformity associated with the pastern region 
is present. The PIPJ may be open or closed. Some horses 
with a subluxation of the PIPJ in a lateral or medial plane 
present either with diffuse swelling of the pastern region 
or with an obvious angular limb deformity (Figs. 8.144 
and 8.1461. 

A horse may have an intermittent dorsal subluxation 
of the PIPJ and not be lame. In these, the subluxation is 
recognized by a dorsal swelling in the pastern region 
when the affected limb is non-weight-bearing. The sub¬ 
luxation is reduced when weight is borne on the affected 
limb. An audible clicking sound often accompanies the 
reduction of the joint. When the pelvic limbs are in¬ 
volved, the condition is often associated with an upright 
conformation (srraighter than normal hocks and stifle 
angles). 10 The lameness may vary in these cases from a 
stilted gait to one resembling that of a horse with azotu- 
ria.'* With persistent dorsal subluxation, a swelling over 
the dorsal surface of the pastern region is often evident, 
and the fetlock may appear slightly more extended 
(dropped) compared with the contralateral unaffected 
limb. At first glance a dorsal swelling may appear similar 
to ringbone; on closer observation, however, an abnor¬ 
mal alignment between the proximal and rhe middle pha¬ 
lanx is evident. Lameness is variable and inconsistent in 
these cases. 

Signs of palmar or plantar subluxation present a 
somewhat reversed picture, in which the dorsal surface 
of the pastern region appears concave (dished out) rather 
than straight or convex as would appear with dorsal 
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subluxation, and the swelling is most prominent on the 
flexor surface of the pastern region. These horses are 
usually lame shortly after the subluxation occurs; as time 
passes, the lameness generally subsides. In chronic cases, 
the heel bulbs may contact the ground, and a sinking in 
the pastern is noted while the horse is walking. 

On manipulation of the pastern, instability and pain 
may be identified with flexion and rotation of the pha¬ 
langes. In acute cases, heat and swelling are evident, and 
the misalignment of the phalanges can often be appreci¬ 
ated. Diagnostic anesthesia is generally not required. 

Diagnosis 

The diagnosis can usually he made from the physical 
examination alone, but radiographs should be taken to 
confirm the diagnosis and differentiate lesions associated 
with DJD and concurrent fracture of the proximal and 
middle phalanges. Stress films can also he taken to iden¬ 
tify the degree of subluxation and to identify if the pas¬ 
tern joint can be reduced in normal alignment. 

Treatment 

Although it has been reported that recent fractures 
resulting in luxation may be treated with cast immobili¬ 
zation alone or cast immobilization and internal fixation 
of the fracture fragment with screws, 1,7,8 it is generally 
accepted that arthrodesis of the PIPJ with screws alone 
and/or screws and a bone plate results in a better out¬ 
come. Unlike luxations of the metacarpophalangeal 
(MCP) or metatarsophalangea) (MTP) (fetlock) joint, 
luxations of the PIPJ caused by rupture of the collateral 
ligaments do not respond as well to casting alone in my 
experience. Although the collateral ligament heals, a sub¬ 
luxation usually results, which eventually requires surgi¬ 
cal arthrodesis. For more information on the technique 
for arthrodesis of the PIPJ, refer to treatment of DJD of 
the PIPJ. 

Horses with chronic dorsal subluxation with no ap¬ 
parent lameness may be treated conservatively. Cases 
with acquired intermittent dorsal subluxation of the pel¬ 
vic limb PiPJs, caused by excessive tension of the DDFT. 
have been treated successfully. Transection of the medial 
head of the DDFT allows enough length gain in the 
DDFT to correct the subluxation. 1 1 The approach is 
made medial between the DDFT and the SL at the level 
of the proximal third of the third metatarsal bone, and 
a 2.5-cm segment of the tendon is removed. Alterna¬ 
tively, it has been suggested that surgical transection to 
the accessory ligament of the DDFT may be of benefit/ 
However, since this structure is commonly absent in 
horses and, when present, is thin, 1 it would seem unlikely 
that transection of this structure would provide muen 
relief. 1 Although transection of the straight distal sesa- 
moidean ligament (DSL) for the treatment of dorsal sub¬ 
luxation caused by contraction of this structure has been 
suggested, 4 the technique was not successful in the treat¬ 
ment of one chronic case treated by us. Arthrodesis of 
the PIPJ has been used successfully for dorsal and palmar 
or plantar subluxarions. l,1,T,v In most cases, the subluxa¬ 
tion is best treated surgically by arthrodesis early before 


scar tissue healing occurs. Treating early allows for bet¬ 
ter and easier alignment of the joint. Although internal 
fixation with screws alone has been used successfully for 
treatment, the use of a bone plate or plates and screws 
placed rransarticularly is recommended (see Fig. 8.142). 
Additionally, the bone plate may be used to help align 
the joint in chronic cases. 

Prognosis 

Although there arc onlv a few reports on long-term 
follow-up, the prognosis for luxation and subluxations 
treated early by arthrodesis in which good reduction and 
stabilization of the PIPJ are achieved seems good. 1 " 1,7,9 
Convalescence for as long as a year may be required 
before the horse may return to performance. Three cases 
of bilateral acquired pelvic limb intermittent dorsal sub¬ 
luxation treated by tendonectomy of the medial head of 
the DDFT responded favorably to the treatment, and the 
subluxation resolved between 1 and 7 days postopera- 
tivcly. 1 1 Long-term follow-up (10 months) on one case 
found the horse to be free of lameness in the pelvic limbs. 
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FRACTURES OF THE MIDDLE (SECOND) 

PHALANX (P-2) 

Fractures of the middle phalanx occur most com¬ 
monly in the hmdlimbs of middle-aged (4 to 10 years) 
western performance horses used for cutting, roping, 
barrel racing, pole bending, and reining. 1 ^ 7,1 * Al¬ 
though the fracture is common in Quarter horses, most 
breeds arc affected, and foals can sustain these fractures 
as well, 4- *’ In a retrospective study on 47 horses, the 
Quarter horse represented 54% of the breeds affected, 
western stock performance was the most common activ¬ 
ity during the injury, and the hindlimbs were affected 3 
times more frequently than were the forelimbs. ’ In two 
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I 



Figure 8.149 Dorso palmar view of an osteochondral fragment 
on the distal aspecl of the middle phalanx of the DIPJ (arrow), a 
result of a penetrating wound to the coronet band. 



Figure 8.1 SO Oblique view of a uniaxial plantar eminence 
fracture of the middle phalanx. 


Palmar or plantar eminence (wing) fractures involving 
the PIPJ occur frequently. The fracture can be cither uni¬ 
axial (involving one eminence) or biaxial (involving both 
eminences) (Fig. 8.150). Although uniaxial fractures do 
nor result in subluxation of the PIPJ, biaxial fractures can 
cause a subluxation. Biaxial fractures require external 
immobilization prior to transport to a surgical facility. 
Palmar or plantar nonarticular eminence fractures arc 
uncommon {Fig. 8.151). 

Simple axial fractures of the middle phalanx occur 
rarely. 4 A misdiagnosis of this fracture can easily he 
made if the central sulcus of the frog is prominent and 
if it is filled inadequately with packing material prior to 
the radiographic examination (Fig. 8.152). To make the 
diagnosis, one should sec the fracture on at least two 
radiographic views. This type fracture may precede a 
comminuted fracture under an appropriate stress. 8 

Comminuted fractures are the most common fracture 
involving the middle phalanx. Although they most fre¬ 
quently involve the PIPJ, they may extend distally to in¬ 
volve the distal interphalangeal (coffin) joint. 1,2,4 ' 7,21,22 
If the fracture involves the PIPJ only, it is referred to as 
uniarticular; if the fracture extends distad to involve the 
DIPJ, it is referred to as a hiarticular fracture (Fig. 
8.153). Rarely, the navicular bone is also fractured. 14 In 
one report, comminuted fractures were encountered 4 
times more frequently than palmar or plantar eminence 
fractures, and osteochondral or simple axial fractures 
were not described 4 Comminuted fractures require ex¬ 
ternal immobilization prior to transport to a surgical fa¬ 
cility. 



Figure 8.151 Oblique view of a nonarticutar palmar em nance 
fracture of the rmkJle phalanx (arrow) 
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Figure 8.152 Dorsopalmar view of what appeared to be a 
sagitta fracture of the middle phalanx (arrows). The fracture was 
not seen on other radiographic views After the sulcus of the frog 
was packed properly, the line disappeared. 



Figure 8.153 Dorsoplantar view of a comminuted (particular 
fracture of the middle phalanx (arrows) Note that the fracture 
extends nto the DIPJ 


Etiology 

Osteochondral fractures result either from use or di¬ 
rect trauma to the site (e.g., a penetrating wound) or, 
occasionally, from avulsion resulting from tearing of soft 
tissue attachments (see Fig. 8.148). Palmar or plantar 
eminence fractures that involve the PIPJ may result from 
compression and the twisting that occurs with sudden 
stops and short rums, or they can occur during joint 
overextension that results in excessive tension of the su¬ 
perficial digital flexor tendon and distal sesamoidean lig¬ 
aments, causing an avulsion of the eminence or emin¬ 
ences. 1 "* 14 Nonarticular palmar or plantar eminence 
fractures are avulsion-type fractures (Fig. 8.151). The 
cause of simple axial fractures is unknown, hut repeated 
trauma might be the cause. It is conjectured that these 
axial fissure fractures mav precede the development of 
a comminuted fracture/ Comminuted fractures are 
thought to result from external trauma or a combination 
of compression and torsion (twisting) forces that occurs 
with sudden stops, starts, and short turns. 1 * 2,4 ‘ 7 * lu Horses 
shod with heel calks are believed to be more prone to 
such fractures because the calks grip the ground, prevent¬ 
ing the normal rotation of the foot and phalanges when 
the horse is rapidly changing directions. 1 * 2 Although 
western stock performance was the most common activ¬ 
ity reported in one study at the time of injury to the 
middle phalanx, a sizable group sustained these fractures 
during light work or unrestrained paddock exercise. 4 
These fractures have also occurred in horses turned out 
for exercise after long-term confinement to a stall. 10 A 
history of lameness in the affected limb may be given * 
prior to the development of a comminuted fracture, sug¬ 
gesting that all these fractures are not a single-event in¬ 
jury. 8 

Clinical Signs 

The clinical signs associated with osteochondral, non¬ 
articular palmar or plantar eminence, and simple axial 
fractures are variable. A history of an acute onset of 
lameness may be given for some, but for others, the onset 
of lameness cannot be pinpointed. Lameness that waxes 
and wanes with exercise is common for osteochondral 
and nonarticular eminence fractures. Generally, fetlock 
or phalangeal flexion and phalangeal rotation are pain¬ 
ful. Circling at a trot usually exacerbates the lameness. 
For osteochondral fractures, diagnostic anesthesia, 
either a basisesamoid nerve block or an intrasynovial 
anesthesia of the PIPJ or DIPJ, may be needed to verify 
whether the lesion seen radiographically is the cause of 
lameness. For nonarticular eminence fractures, a basises- 
amoid block eliminates the lameness. Because of the risk 
of the fracture becoming displaced w r hcn the horse bears 
weight on the anesthetized digit, diagnostic anesthesia is 
contraindicated if an axial fracture is suspected, 

A history of acute onset of severe lameness, painful 
withdrawal w*ith or without, and instability* on manipu¬ 
lation of the pastern region is common for articular em¬ 
inence and comminuted fractures. In some, a history that 
a “pop" was heard just before the onset of severe lame¬ 
ness is revealed. Occasionally, a history of lameness in 
the affected limb is given before the development of a 
comminuted fracture. Although these fractures present 


Copyrighted material 








748 Adams' Lameness in Horses 


wirh non-weight-bearing lameness, initially the lameness 
may quickly subside with the uniaxial eminence fracture, 
resulting in a misdiagnosis of soft tissue injury (e.g., liga¬ 
ment damage). With comminuted and biaxial fractures, 
the lameness generally remains severe. 

On gross observation, obvious swelling is usually 
present just above the coronary band in cases of commi¬ 
nuted fractures. With articular eminence fractures, the 
swelling is less evident and may not be apparent. Swell¬ 
ing is usually not evident with osteochondral, nonarticu- 
lar eminence, and simple axial fractures. 

On palpation, varying degrees of swelling are appreci¬ 
ated. Fetlock and phalangeal flexion and rotation usually 
result in a painful response, particularly for the biaxial 
articular eminence and comminuted fractures. In some 
cases, crepitation may be appreciated wirh biaxial emin¬ 
ence fractures and comminuted fractures. Instability of 
the phalanges is usually prominent with comminuted 
fractures. Crepitation or instability is generally not ap¬ 
preciated with uniaxial eminence fractures. In some 
cases, direct palpation of the fractured eminence causes 
movement of the fracture and pain. 

Diagnosis 

A definitive diagnosis requires a complete radio- 
graphic examination. Four views, dorsopalmar (DF), 
lateromedial (LM), dorsopalmar-lareromedial oblique 
(DPLMO), and dorsopalmar-mediolateral oblique 
(DPMLO), are recommended. These projections should 
be taken so that fracture location and configuration can 
be appreciated (Fig. 8.154). Additionally, these views 
identify if the DIP] is involved with comminuted frac¬ 
tures. The radiographs are examined carefully and sys¬ 
tematically, as the fracture configuration has considera¬ 
ble bearing on the treatment method selected and the 
prognosis for future soundness. Computed tomography 
(CT; of comminuted middle phalangeal fractures has 
been shown to he most helpful in defining the fracture 
configuration. 18 CT has an advantage, in that it allows 
the production of cross-sectional images, resulting in 
spatial separation of superimposed structures seen on 
survey radiographs. 

Treatment 

Osteochondral fractures associated w*ith the PIPJ that 
result in lameness are best treated by surgical removal. 
Although open approaches have been described,' the 
use of rhe arthroscopc is preferred. 14,19,2 ‘ Dorsal and 
palmar or plantar fragments can be removed by arthros¬ 
copy, although the maneuverability of the instrumenta¬ 
tion is somewhat limited in the dorsal approach because 
of the extensor tendon attachment immediately distal to 
the joint. 14,1 * The palmar or plantar recess of the PIPJ 
is larger, which makes surgical manipulation easier. Os¬ 
teochondral fractures involving the DIPJ are best man¬ 
aged by arthroscopy. 

Uniaxial or biaxial eminence fractures of the middle 
phalanx that involve the PIPJ can be treated by casting 
alone, internal fixation with the lag screw principle, or 
arthrodesis of the joint followed by cast applica¬ 


tion. 7 ^ 1 * 22 Casting can be used for periods of 8 to 12 
weeks in selected cases in which only pasture or breeding 
soundness is desired and m which economic constraints 
dictate this approach. Although some have recom¬ 
mended casting these fractures with full limb casts, a 
lower limb (half) cast that includes the hoof and extends 
to the proximal limits of the metacarpus or metatarsus 
is all that is needed. The limb should be cast with the 
phalanges in a relaxed position in alignment. A lateral 
radiograph documents phalangeal alignment and frac¬ 
ture reduction. In some cases, the phalanges must be 
placed in slight flexion to achieve fracture reduction. If 
the limb is cast with the phalanges in an extended posi¬ 
tion, it can, in some cases, distract the eminence frag¬ 
ment! s) away from parent bone. Casting the limb with 
the phalanges in a relaxed position and, in some cases, 
slight flexion not only serves to reduce the fracture but 
also focuses the axial forces on the normal proximal dor¬ 
sal border of the middle phalanx rather than on the cen¬ 
ter of the bone close to where the fracture is. The limb 
is cast in this position for 3 weeks with a cast that incor¬ 
porates the foot. At the 3-week cast change, the phalan¬ 
ges are placed in a somewhat relaxed position, but this 
time the toe is extended slightly dorsad. Usually, 3 weeks 
is a sufficient period for enough healing to occur so that 
the fracture site will not become separated. At the 6- 
week cast change, radiographs are taken to assess frac¬ 
ture healing, and the limb is recast at this time in a more 
extended position. Cast application is continued until 
fracture healing is evident (usually 8 to 10 weeks). Once 
fracture healing is documented, the cast is removed while 
the horse is standing and sedated. After cast removal, a 
pressure support bandage is applied and continued for 
an additional 3 weeks. Exercise is permitted according 
to the horse’s capabilities. This technique has been used 
successfully in numerous cases in which breeding or pas¬ 
ture soundness was desired. Additionally, it has been 
used in a few cases that have resumed per forma net. 

Interna) fixation of articular uniaxial palmar or plan¬ 
tar eminence fractures has been reported to be successful 
in returning some horses to athletic performance, but it 
depends on the duration and displacement of the frac- 
funj/.n.ii* 21 Generally^ acute fractures that are not dis¬ 
placed have the best outcome with use of this approach. 
Lag screw fixation can be performed through a stab inci¬ 
sion made either between the flexor tendons and the pal¬ 
mar digital neurovascular plexus or by splitting longitu¬ 
dinally the branch of the superficial digital flexor tendon 
over the proximal extremity of the fragment. Needles can 
be used to identify the PIPJ and the dorsal and palmar 
or plantar bone surfaces. Radiographic monitoring or 
fluoroscopy is used to identify the spacial relation for 
screw placement. If any question exists, a small drill hit 
can be used to drill the proposed site for screw place¬ 
ment, after which radiographs arc taken. If fluoroscopy 
is used there is no need to predrill the hole with a small 
drill bit. The drill hole is made in a distal axial direction. 
The principle of interfragmentary compression is used, 
but countersinking is nor necessary. After suture closure, 
a cast is applied to protect the limb during recovery. The 
cast can be removed in 14 to 21 days, depending on the 
degree of fracture stability achieved. Horses arc stalled 
for 6 weeks and controlled hand walking exercise is 
begun after that time. A total rest period of approxi- 
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Figure 8.155 Plantar eminence fracture 
treated by lag screw fixation 4 months earlier. 

A. Lateral view. B Dorsoplantar view Note the 
periarticular and articular margin changes on the 
lateral and medial margins of the joint Because 
of persistent lameness, a pastern arthrodesis 
was performed. 


and, in some cases, we lag the fracture fragment back 
into place prior to performing the arthrodesis (Fig. 
8.156). Pastern arthrodesis by dorsal plate application 
is preferred for biaxial fractures, 5,6 Generally, two 4- to 
5-nole narrow dynamic compression plates (DCPs) are 
placed on either side of the midline for adult horses. The 
palmar or plantar eminence fractures arc stabilized by 
lag screw fixation with the distal plate screws. For adults, 
4.5-mm DCPs are used, and for toals, generally, 3.5-mm 
DCPs are used. Other plate configurations include single 
broad DCP, T-platcs, and Y-plates. When a single broad 
or narrow DCP is used, a separate screw independent 
of the plate can he placed to lag one of the fractures. 
Unfortunately, the thin profile of the T-platc often pre¬ 
cludes its use in adult horses. 14 Recently, a Y-platc has 
been developed for the treatment of comminuted middle 
phalanx fractures, and it may have some use for biaxial 
eminence fractures also. 4 See the “Comminuted Frac¬ 
tures” for more discussion on the Y-plate. 

Comminuted fractures can he treated with casting 
alone, similar to that previously described for eminence 
fractures. They can also be treated with casting and 
transfixation pins placed through the diaphysis of the 
middle or the distal third of the metacarpus or metatar¬ 
sus; with internal Fixation screws only; or with one or 
two hone plates placed dorsally to bridge the PIPj, with 
or without transfixation pins. 

The use of casts with or without transfixation pins is 
relegated for some severely comminuted fractures that 
cannot be adequately reduced or stabilized by internal 
fixation and breeding soundness is acceptable or there 
arc economic constraints and/or euthanasia is not an op¬ 
tion. Because comminuted fractures are so unstable, 
wires are placed through the perimeter of the hoof wall 



Figure 8.156 Oblique view of placement of screws to miss the 
fracture plane. 


Copyrighted material 


Chapter 8 Lameness 751 



Figure 8.157 Wires being placed through the hoof wall to 
apply traction. 


to apply traction to the phalanges and to reduce the frac¬ 
ture fragments (Fig. 8.157), Radiographs are taken to 
document that fracture reduction has been achieved (Fig. 
8.158). After this, a lower limb cast that incorporates the 
hoof is applied. Some comminuted middle phalangeal 
fractures have been treated successfully with this ap¬ 
proach (Fig. 8.159). 

In the most severely comminuted unstable fractures 
the use of centrally threaded positive profile transfixa¬ 
tion pins Is preferred to reduce the chance of fracture 
collapse within the cast. A suitably sized drill and tap 
are used to make the holes and threads for pin placement 
(Fig. 8.160). After pin placement, a lower limb cast that 
incorporates the foot and pins that extends to the proxi¬ 
mal metacarpus or metatarsus is applied. Hoof acrylic 
is often used to further secure the pins to the cast (Fig. 
8.161). The transfixation pins reduce the chance of frac¬ 
ture collapse w ithin the cast by transferring the weight 
from the fracture site to the bottom of the cast to the 
pins placed in the diaphysis of the metacarpus or meta¬ 
tarsus. A complication of using a transfixation cast is 
the development of a ring sequestrum 3 to 6 w'eeks after 
the cast is applied (Fig. 8.162). Placing the pins too far 
proximally can result in fracture through the pinhole site, 
even while the cast is still in place. An alternative to the 
transfixation cast is an external fixator, w'hich uses a 
series of large transfixation pins placed through the 
metacarpus or metatarsus and incorporates side connect¬ 
ing bars to a foot plate. 15 In our hands, this device has 
been difficult and time consuming to apply and has re¬ 
sulted in fracture of the metacarpus or metatarsus post- 



Figure 8.158 Lateral view of a comminuted Particular fracture 
of the middle phalanx. A. Before tension was applied. B After 
tension was applied. Note that the fractures have been partially 
reduced and the alignment of the PIPJ ts improved 
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Figure 8.160 Orltl (top), a centrally threaded positive profile tap 
(middle), and a positive profile centrally threaded pin (bottom) 
used for the application of transfixation pins. (Courtesy of IMEX 
Veterinary Inc.. Longview. TX.) 



Figure 8.161 Application of hoof acrylic around transfixation 

after cast had been applied The pins are then cut to the level of 
the acrylic. A cotton bandage is applied to the opposite limb to 
protect it dunng recovery from anesthesia. 


operatively. In cases in which casting alone or casting 
with transfixatinn pins is used, the damage to the PI P| 
surface is, with time, usually sufficient to create fusion 
(Fig. 8.163). 

The use of dorsal plate application combined w r ith 
pastern arthrodesis is recommended for optimal return 
to performance. Plate configurations used to reduce and 
stabilize the fracture include single broad DCP, a single 
or a double narrow IXIP, a T-plate, or a specially de¬ 
signed Y-pUtc. u - 6 -' M VI The thin profile of the T-plate 
often precludes its use; therefore, narrow DCPs are usu¬ 
ally preferred. After exposure of the PIPJ, the cartilage 
is removed from the joint surfaces, and the fracrurc con¬ 
figuration is visualized to determine the best placement 
of implants. The clinician then reduces and stabilizes the 
palmar or plantar cmincnce(s) with a lag screw placed 
through the distal plate hole. The plate should be placed 
as far proximally in the middle phalanx as possible so 
that impingement of the extensor process of the distal 
phalanx is avoided during phalangeal extension (Fig. 
8.164)* Individually placed lag screws independent of 
the plate can also be placed to provide added strength 
to the repair. Recently, a biomechanical study w as done 
tocompare double-plate and Y-plate fixation of the com¬ 
minuted fractures. 4 The conclusion was that the Y-plate 
was as affective as the double-plate configuration and 



Figure 8.162 Development of ring sequestra in upper p*n tract 
(arrow) Also note the bone lysis surrounding the distal pin 



Figure 6.163 Same horse as in Figure 8 151. months after 
treatment with transfixation pins and a cast, At 1-year follow-up, 
this stallion was breeding successfully and appeared pain free 
except dunng cold weather 


Copyrighted material 













Hidden page 



Hidden page 



Hidden page 



Chapter 8 Lameness 757 



Figure 8.168 A Oblique v»ew of an incomplete dorsal fracture fracture of the PP that enters the fetlock joint (Courtesy of Or 

of the PP 8 Lateral view of a complete dorsal fracture of the PP Juke Dechant,) 

that exits the dorsal cortex. C Lateral view of a complete dorsal 



Figure 8.169 Condylar fracture of the PP that enters the PIPJ, Figure 8.170 Oblique view ot a plantar eminence of the PP 

Note the subluxation ol Ihe PIPJ, leading to a malalignment ot the (arrow), 

phalanges. 
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Figure S.171 Dorsopalmar view ot a healing transverse 
fracture of the dtstai PP (arrows). This fracture had been treated 
by external coaptation. 



Figure 8.172 Lateral view of a nonarticular avulsion fracture at 
the attachment of the extensor tendon to the PP (arrow). 


ent 6 Fetlock synovial distension (effusion) is commonly 
seen with incomplete midsagittal fractures. 22 An angular 
limb deformity of the pastern region is commonly ob¬ 
served with displaced distal condylar PP fractures that 
enter the PIPJ. The limb deformity develops as a result 
of the lateral or medial subluxation of the PIPJ. On pal¬ 
pation and manipulation, a painful response is elicited 
with flexion and rotation of the phalanges in cases of 
noncomminuted fracture. For comminuted fracture, 
crepitation and instability are obvious. 

If a noncomminutcd fracture is suspected, radio¬ 
graphs should be taken immediately. Perineural anesthe¬ 
sia or exercise to establish lameness is contraindicated 
because it may result in dehiscence of the fracture and 
lessen the prognosis for athletic performance in the fu¬ 
ture. 

Nonarticular avulsion fracture of the PP usually pre¬ 
sents w ith a history of mild intermittent lameness that 
increases wmh exercise. Swelling at the proximal dorsal 
limits of the PP, although mild, is usually apparent. Digi¬ 
tal pressure applied over the swelling generally elicits 
pain if the condition is acute. Fetlock or phalangeal flex¬ 
ion is usually painful. 

Diagnosis 

Radiographs are taken to characterize the type of frac¬ 
ture and to indicate if internal fixation is required. If the 
horse has to he transported a short distance for radio- 
graphic examination, a tight-fitting bandage splint 
should be applied. Most horses protect their limbs well 
because of the extreme pain. On the other hand, a cast 
or an effective splint is indicated for horses that must be 
transported for long distances and for all horses that 
have sustained a comminuted fracture. 

The radiographic examination should include at least 
four views, the DP, the LM, the DPLMQ, and the 
DPMLO, to confirm the diagnosis and to gain a full 
appreciation of the fracture configuration. With some, 
there is a duplication of the fracture line on the dorsal 
and the palmar or plantar or lateral and medial surfaces 
at different sires that may give the impression rhat there 
is more than one fracture* (see Fig. 8.98). This occurs 
because the fracture lines are not superimposed on the 
radiographic view. 6 Also, the variable location of the 
nutrient foramen in the PP of the forelimbs of Standard- 
breds may occasionally be misinterpreted radiographi¬ 
cally as a fracture. 11 The radiographic appearance of the 
foramina occurs in three patterns; they are located either 
in the dorsal cortex or in the palmar cortex, or they are 
absent. In 55% of cases in Standardbrcds, the foramina 
are bilaterally asymmetric. n Dorsal nutrient foramina 
arc most frequently misdiagnosed as a fracture because 
of the length of the radiolucent line in a vertical direction 
in the dorsal cortex. Palmar foramina generally course 
transversally to the long axis of the bone and are less 
readily mistaken for a fracture. 

Treatment 

Noncomminuted Fractures 

Type 1 incomplete fractures can receive conservative 
treatment, consisting of pressure bandaging and stall rest 
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for 6 to 10 weeks followed by a gradual return to normal 
exercise over the next 6 weeks.* Generally, these frac¬ 
tures heal with a periosteal callus over the dorsal aspect 
of the fracture site, but this does not appear to limit 
function.** 1 ' A risk of treating these fractures conserva¬ 
tively, however, is the chance that they can dehisce to 
become complete fractures. One study found that this 
happened in 3 of 85 cases that initially presented as type 
I short (less than 30 mm) incomplete fractures. 6 Pres¬ 
ently, midsagittal incomplete fractures in horses that 
have sustained acute long (greater than 30 mm) fractures 
and that arc to be used for racing are treated with lag 
screw fixation placed through stab incisions, followed 
by external coaptation. HJZ Two to three screws arc gen¬ 
erally used, depending on the length of the fracture, and 
radiographic monitoring is recommended to make sure 
the MCP or MTP joint is not entered and to document 
that the fracture is compressed (Fig. 8.173). The cast, if 
used, is generally left in place for 10 to 14 days. Others 
prefer bandage support for recovery. 114 Interestingly, one 
retrospective study indicated that all incomplete midsag¬ 
ittal fractures greater than 15 mm were treated surgi¬ 
cally.' 2 Chronic long midsagittal fractures that are diag¬ 
nosed 4 to 6 weeks after the onset of lameness arc 
generally treated with stall confinement and band¬ 
aging.’ 5 ^ 

Complete acute midsagittal fractures that extend di- 
stad from the fetlock joint to involve the PIPJ or that 
exit the lateral cortex are best treated by internal fixation 
and coaptation. Internal fixation has been accomplished 
bv lag screw fixation or by the use of a neutralization 
plate.* Presently, we recommend lag screw fixation 
through stab incisions. Needles placed in the MCP or 
MTP joint (fetlock) and PIPJ and radiographic monitor¬ 


ing help define the placement of screws. Generally, three 
to five screws are used, defending on the length of the 
fracture, and the cast is left in place for 3 to 4 weeks 
(Fig. 8.174). Bandaging and/or external coaptation has 
been used alone in cases in which breeding soundness is 
the objective and/or in which there are economic con¬ 
straints. 6 Generally, horses treated conservatively take 
approximately 4 months to become free of pain and 
lameness but invariably develop considerable exostosis 
at the fracture healing site and secondary DJI) that may 
cause lameness when they resume work. 6 * 1 ' 1 lealing time 
for horses treated surgically is reduced approximately 2 
months, and less callus formation and DJD result. 12 

Type 2 dorsal oblique incomplete or complete nondis- 
placed PP fractures can be treated by rest and bandaging 
as described for type 1 fractures or by internal fixation 
with the lag screw principle (Fig. 8.175). Needles placed 
in the MCP or MTP joint help determine the proper 
placement of the screws through stab incisions. Alterna¬ 
tively, an arrhroscope can be inserted into the fetlock 
joint to visualize the dorsal articular margin and to de¬ 
bride damaged cartilage if needed. 18 After internal fixa¬ 
tion, a cast can lx? applied and kept in place for 2 to 3 
weeks. Alternatively, some prefer to recover the horse in 
a bandage. lH Complete dorsal fractures that extend into 
the PIPJ are best treated by lag screw fixation placed 
through stab incisions and external coaptation (Fig. 
8.176)/ Needles placed in the MCP or MTP joint and 
PIPJ help guide the placement of 3 to 4 screws. Generally, 
the cast is removed in 3 weeks/ After surgical treatment, 
fracture healing and return to training can be expected 
I to 3 months earlier than with nonsurgical treatment. 
Lag screw fixation of nondisplaced fractures may be in- 



Figure 8.173 Dorsopalmar view of a 
long midsagittal incomplete fracture of 
the PP that was treated by lag screw 
fixation. A Fracture before surgery 
(arrows) B Two screws placed in lag 
fashion were used to repair this 
fracture 
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Figure 8.174 Same horse as tn Figure 8 167 after fracture 
repair with three screws placed in lag fashion. At 6-year follow-up, 
this horse had returned to its intended use and was still performing 
successfully 


dicatcd in some horses to reduce the length of the conva¬ 
lescent period, 12 

Type 3 distal articular PP fractures occur almost ex¬ 
clusively in the hindlimbs and seem more common in 
foals' * {see Fig. 8.169). The acute fracture is generally 
best treated by lag screw fixation placed through stab 
incisions, after w hich external coaptation is applied. The 
cast is usually removed in 2 to 3 weeks. If the fracture 
is chronic, then arthrodesis of the PIPJ is recommended. 
(Refer to treatment of DJD of the PIPJ above for more 
information regarding the techniques for arthrodesis.) 

Treatment of type 4 palmar or plantar eminence frac¬ 
tures is covered under diseases of the fetlock region. 

Type 5 physcal fractures arc usually Salter-Harris type 
2 fractures and are most common in weanlings. 15 Mini¬ 
mally displaced fractures are generally best treated con¬ 
servatively with stall confinement and bandage support. 
In one report (4 cases), all type 5 fractures healed with 
a moderate degree of matunion, but the PP remodeled 
so that a normal hoof-pastern axis was maintained. 15 If 
the fracture results in considerable limb deformity and 
cannot be reduced, internal fixation may be required. If 
the PIPJ becomes subluxated as a result of the injury and 
the fracture is chronic, then a pastern arthrodesis may 
have to be performed to align the phalanges. 

Type 6 oblique or transverse PP fractures are uncom¬ 
mon and do not affect the physis or articular margins. 
Stabilisation of the fracture with lag screws placed 
through stab incisions has been described. 15 Alterna¬ 
tively, these fractures, if minimally displaced, heal with 
external coaptation (sec Fig. 8.171). 

Type 7 avulsion PP fractures appear to respond favor¬ 
ably to rest, bandaging, controlled exercise, and treat¬ 
ment wirh nonsteroidal anti-inflammatory drugs 



Figure 8.175 Same fracture as to Figure 8 168 
after treatment with lag screw fixation. A Lateral 
view after surgery. B. Dorsopalmar view of screw 
placement 
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Figure 8.176 Same horse as in Figure 8 1680 A Lateral view B. Follow-up at 12 weeks after operation (Courtesy of Or Julie 
taken intraopera tfv&ty Three 5.5-mm AO ASIF cortical bone Dechant.) 

screws were used to create interfragmentary compression. 


(NSAIDs). Rest periods extend from 6 weeks to 3 
months, depending on the horse’s response. Hand walk¬ 
ing exercise begins when the horse is no longer painful 
to fetlock and phalangeal flexion; this is usually at 3 
to 4 weeks postinjury. Return to performance generally 
occurs between 3 and 4 months postinjury. 

Comminuted Fractures 

Prior to referral for possible surgical repair, initial 
treatment should he aimed at providing adequate sup¬ 
port and counterpressure to prevent further honv dam¬ 
age and reduce soft tissue swelling. 1,4 To avoid the bend¬ 
ing forces of the MCP or MTP joint, one should align 
the dorsal cortices of the PP with the long axis of the 
metacarpus or metatarsus and splint or preferably cast 
in that position. 4 Phis position neutralizes the bending 
forces at the fracture site within the PP. Most commi¬ 
nuted fractures disrupt both joint surfaces (see Figs, 
8.166 and 8.176). The objective for treatment of these 
cases is usually to preserve the horse for breeding pur¬ 
poses.' 2 Ideally, the articular congruity of the joint(s) is 
restored and the fracture can be stabilized to maintain 
hone length. 

Methods for treatment of comminuted fractures in¬ 
clude 1) dosed reduction and external coaptation, 2) 
closed reduction, skeletal transfixation, and external co¬ 
aptation, 3) closed reduction followed by lag screw fixa¬ 
tion through stab incisions with or without skeletal 
transfixation and external coaptation, 4) open reduction 
followed by lag screw fixation and external coaptation. 


and 5) open reduction followed by lag screw fixation 
and the application of a neutralization plate and external 
coaptation. 12,1 Selection of treatment method de¬ 

pends on the configuration of the fracture, intended use 
of the horse, and economic constraints. A complete ra¬ 
diographic series should he assessed to define the fracture 
configuration and the possibility of treatment or humane 
destruction. If surgery with internal fixation is the 
choice, at least two criteria should he met: I) the im¬ 
plants should allow reapposition of the joint surfaces, 
especially the proximal joint surface; and 2) the implants 
should provide longitudinal stability of the PP.* 1 If either 
of these criteria cannot he met, then external skeletal 
fixation should be used alone or in combination with 
internal fixation. 12 Regardless of the treatment selected, 
the vascular supply to the region and the integrity of the 
skin overlying the fracture site should he evaluated by 
means of physical examination. If a question still exists 
regarding the vascular supply, thermography, nuclear 
scintigraphy, or both may be helpful. 

Horses with an intact cortex (strut of intact hone on 
one side of the fractured PP that extends from the proxi¬ 
mal to the distal joint surface) have a significantly greater 
chance of survival than do horses without an intact strut 
of bone (see Fig. 8.166). In one study reviewing the out¬ 
come of cases of comminuted PP fracture, researchers 
found that 57% of the horses with an intact strut of bone 
were alive more than 1 year after treatment, whereas 
only 23% of horses without an intact strut of bone were 
alive at I year. 1 * The intact strut of bone provides longt- 
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tudmal stability to the fracture site as well as a solid piece 
of bone to which to tag the fractured fragments. 

The use of external coaptation in the form of a cast 
as the sole treatment for comminuted PP fractures can 
give satisfactory results in some cases. 12 * 1 * in one study, 2 
of 3 horses with comminuted fractures that were treated 
with cast alone had a satisfactory outcome. 1 * Since the 
cast does not provide resistance to axial collapse of the 
PP, however, for a good outcome the fracture should be 
minimally comminuted and be stable or at least have one 
cortex of the fractured bone (strut) intact to prevent axial 
collapse. Healing of the fracture with minimal malunion 
is more likely in those cases in which both joint surfaces 
of the PP are in good alignment prior to the application 
of the cast. 1 * Complications associated with using a cast 
alone for treatment of a highly comminuted and unstable 
PP fracture include 1) a high risk of axial collapse of 
the PP, which can result in pressure necrosis of the skin 
overlying the fracture, leading to an open fracture; 2 ) the 
development of support limb lamimm and deep digital 
flexor tendinitis below the MCP or MTP joint of the 
opposite limb because of continued pain at the fracture 
site; 3) excess callus formation and extensive DJD of 
both joints; 4) shortening of the pastern region; and 5) 
partial ankylosis of the fetlock joint, which may result 
in continued lameness.** ,2 * ,,t Since the risk of develop¬ 
ment of these complications is high, it is difficult to rec¬ 
ommend the use of a cast alone for the treatment of a 
highly comminuted unstable fracture. 

External skeletal fixation should be considered for the 
repair of highly comminuted fractures that lack an intact 
bone strut and for those fractures that are open or have 
a severely compromised blood supply. Transfixation 
techniques reduce the collapse of the fracture within the 
cast by means of transcortically placed pins in the mid 
to distal portion of the third metacarpus or metatarsus. 1 
Centrally threaded positive profile pins are preferred, 
and a suitably sized drill and tap are recommended for 
the best results (Fig. 8.177). Usually 2 to 3 pins are used. 
After the application of the pins, the limb is placed in 
traction to reduce the fracture and to align the articular 
surfaces. Wires placed through the solar margin of the 
hoof wall can be used to attach the foot to a traction 
device (e.g., ropes attached to a solid object) (see Fig. 
8.157). Once the traction is applied, radiographs are 
taken to document the reduction of the fracture and the 
alignment of the articular surfaces. Then a lower limb 
cast that incorporates the foot and extends to the proxi¬ 
mal metacarpus or metatarsus is applied. Hoof acrylic 
is then applied around the pins to further stabilize them 
in their position. Most horses walk comfortably after 
surgery with the transfixation casts. A complication of 
the rransfixation pin cast is the potential for formation 
of ring sequestra around the pin holes, 3 to 6 weeks after 
their application, which may result in a fracture through 
the pin tract (see Fig. 8.162). Fracture through the pin 
tract has been uncommon in my experience. An alterna¬ 
tive to the transfixation cast is the external skeletal fixa¬ 
tor, which uses a series of large diameter transfixation 
pins through the third metacarpus or metatarsus and in¬ 
corporates side-connecting bars to a foot plate. 1 ‘ In our 
hands, this external fixator has not been user friendly 
and has resulted in a fracture through the pin tracts 
shortly after the horse recovers from anesthesia. 


The combination of internal fixation with lag screws 
placed through stab incisions and a transfixation pin cast 
can provide improved alignment of the joint surface and, 
in some cases, more stability to highly comminuted PP 
fractures (sec Figs. 8.177, A to F). The lag screws are 
placed after the traction is applied. Internal fixation with 
lag screws placed through stab incisions followed by the 
application of a cast can be considered in less commi¬ 
nuted fractures, particularly those that have an intact 
strut of bone on one side. 

Widely invasive open-reduction techniques used for 
the repair of highly comminuted PP fractures seem con¬ 
traindicated at this time because of the unacceptable high 
postoperative infection rates. 1J In one retrospective 
study, H or Y incisions over the dorsum of the PP used 
for reduction and internal fixation of comminuted frac¬ 
tures resulted in a 55% infection rate. 1 * It was thought 
that these open approaches contributed to the develop¬ 
ment of infection by further damaging the soft tissues 
and blood supply in an already compromised area and 
by prolonging the surgery time. The conclusion was that 
the surgical approach used should result in the least soft 
tissue damage and the shortest surgery time.'* 

Prognosis 

Noncomminuted Fractures 

Horses with noncomminuted PP fractures generally 
have a good prognosis for long-term survival. 14 The 
prognosis for performance noncomminuted fractures of 
the PP is believed to depend on the configuration of the 
fracture, the duration of the fracture to treatment, the 
fracture length, the method of treatment, the breed, and 
the intended use. 5 ’*’ 10 ’ 11 ’ 22 In one retrospective study 
done in racehorses, a significantly lower percent of 
horses returned to racing after repair of complete mid- 
sagittal fractures that extended into the PIP] (46%) than 
after repair of short incomplete midsagirtal fractures 
(71%), long incomplete midsagirtal (66%), or complete 
fractures that extended to the lateral cortex (71%).* 1 
The time from fracture to repair did not affect the out¬ 
come. Additionally, the median number of races and the 
median fastest race times before and after surgery were 
not significantly different. 1 ’ In another retrospective 
study done in Standard bred racehorses, researchers 
found that 89% of the horses returned to racing, but at 
significantly decreased performance level. 22 In this study, 
fractures longer than 15 mm were treated surgically; 
fractures between 15 and 30 mm long and fractures 
longer than 45 mm did affect racing times adversely. 22 In 
another study done on young Thoroughbred racehorses, 
70% of the horses treated conservatively for short in¬ 
complete midsagirtal fractures raced (15 won or placed), 
and 65% of the horses treated conservatively for long 
incomplete midsagirtal fractures raced.* None of the 
horses treated conservatively for complete midsagittal 
fractures or type 2 and 3 fractures raced. Of the horses 
treated surgically for type I incomplete and complete 
midsagittal fractures, 46% returned to performance and 
38% were retired immediately after surgery. 

Type 2 dorsal fractures, either oblique (exiting the 
dorsal cortex) or complete (extending distad to enter the 
P1PJ), that are treated by lag screw fixation appear to 
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Before the routine use of ultrasound, the diagnosis of 
desmitis of the DSLs relied on physical finding and, to 
some degree, radiologic evidence of a problem. Physical 
findings were often difficult to interpret because of the 
numerous soft tissue structures in the region. Radio- 
graphic evidence included enthesiophyte formation or 
avulsion fracture at the attachments of the individual 
ligaments (Figs. 8.178 and 8.179). Since the distal attach¬ 
ments of the DSLs are different, the radiographic signs 
of each arc distinctive. Occasionally, all three ligaments 
rupture, resulting in loss of the suspensory apparatus (see 
“Traumatic Rupture of Suspensory Apparatus” in this 
chapter). With the use of ultrasonography, the involve¬ 
ment of the individual DSLs has been more clearly de¬ 
fined. 3 ’ 5 ' 10 ’ 1 1 Although the injury can involve any one of 
the four ligaments, the body of the oblique DSL seems 
affected most frequently. 4,1 ' 1 Generally, desmitis is recog¬ 
nized as having an acute onset involving one branch, but 
both branches can be affected occasionally. 4,h> Basilar 
sesamoid fracture, desmitis of the ipsilateral branch of 
the suspensory ligament in the same limb, and fracrurc of 
the proximopalmar aspect of the PP have been associated 
problems in more chronic cases (Fig. 8.180). 3,4 Desmitis 
of the straight DSL only has been identified on ultra¬ 
sound examination tit the forelimbs on rare occasions. 
Concurrent injury to the straight and oblique DSL has 
also been seen in flat racing Thoroughbreds. 1 

Although Adams 1 described desmitis of DSLs as a sec¬ 
ondary disorder that is rarely the primary cause of lame¬ 
ness, this clearly is not the case. 3,4,10 



Figure 6.179 Lateral view of an avulsion fracture that is 
probably associated with the cruciate DSL (arrow). 



Figure 8.176 Oblique view of enthesiophyte formation 

associated with attachment of the oblique DSL (white arrow). Note Figure 8.180 Oblique view ol enthesiophyte formation 

the enthesiophyte at the base of the proximal sesamoid bone associated with the oblique DSL (white arrows) and an avulsion 

(black arrow). fracture of the base of the proximal sesamoid bone (arrowhead) 
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Jems (e.g„ DJD of the PIPJ, navicular syndrome, proxi¬ 
mal sesamoidean ligament desmitis, or fracture of the 
proximal sesamoid hone), the prognosis is worsened.* 
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RACHITIC RINGBONE 

Rachitic ringbone is described as a fibrous tissue en¬ 
largement of the pastern region of young horses. The 
disease usually develops before the horse reaches 2 years 
of age and is most common between 6 and 12 months 
of age. Deficiencies in calcium, phosphorus, and vita¬ 
mins are believed to be the cause. Clinically, the fibrous 
swelling resembles new bone growth caused by DJD of 
the PIPJ, but there are no bone or joint changes. For 
more information, refer to Adams* Lameness in Horses, 
Chapter 8, fourth edition. 1 
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Part III 


THE FETLOCK 

Alicia L. Bertone 

OSTEOCHONDRAL (CHIP) FRACTURES OF 
THE PROXIMAL (FIRST) PHALANX IN THE 
METACARPOPHALANGEAL OR 
METATARSOPHALANGEAL (FETLOCK) 
JOINT 

Osteochondral fractures of the proximal end of the 
proximal phalanx arc relatively common in the forelimb 
of the horse, particularly the racehorse. Most fractures 
of this type involve the dorsal surface of the proximal 
eminences, just medial or lateral to the digital extensor 
tendon. The left foretimb and medial eminence are af¬ 
fected more often than the right forelimb and lateral em¬ 
inence. Other regions are not so commonly involved. 
Concussion and overextension of the joint are factors in 
the production of these fractures. Chip fractures from 
the distal end of the third metacarpal or metatarsal bone 
also occur but arc less common. 

Other less frequently occurring fractures of the proxi¬ 
mal phalanx include fractures of the lateral and medial 
eminences of the proximopalmar (or proxi mopla ntar) 
surfaces and avulsion fractures of the midproximal pal¬ 
mar articular margins just below the sesamoid bone. 
These fractures can be successfully removed with a good 
prognosis (about 70%) of return to performance. 1 '*' 9 
Fractures of the proximopalmar (or proximoplantar) 
surfaces are also associated with complete or partial tear¬ 
ing of the collateral ligament of the fetlock joint and 


traumatic subluxation, which induce the intraartkular 
fracture. Careful evaluation of the joint is indicated to 
identify this more complex injury.* 

Causes 

Trauma is the cause of these chip fractures in the 
horse. From the appearance of the fractures, it seems that 
excessive overextension of the joint is probably involved 
(Fig. 8.183). Overextension places stress on the dorsal 
aspect of the proximal end of the proximal phalanx as 
it is pressed against the third metacarpal bone. Limb fa¬ 
tigue is a factor in overextension or the fetlock joint, 
noted at the end of races when the back of the fetlock 
may contact the ground (running down). Why the frac¬ 
ture occurs most frequently medial to the midline is not 
fully understood (Fig, 8.184). However, it may be 
because the medial tuberosity on the proximal dorsal 
border of the proximal phalanx is more prominent 
and extends slightly more proximad than its lateral 
counterpan. 

Signs 

Signs of chip fractures in the fetlock joint are similar 
to those of “osselets.” Synovitis of the fetlock joint, indi¬ 
cated by distension of the joint capsule (between the 
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Figure 8.166 Oblique nuclear scintigram ot the same horse 
shown in Figure 8 185. demonstrating the increased uptake of 
technetium in the bone of the proximal first phalanx (arrow) 
Nuclear scintigraphy is sensitive to bone trauma but nonspecific 
for the site and structure of the disease A condylar injury in the 
distal metacarpus may have a similar appearance; thus a 
radiograph is required for diagnosis. 



Figure 8,187 Lateral view demonstrating a plantar eminence 
osteochondral fragment (arrow) that, owing to its location and 
shape, is most likely developmental rather than traumatic in ongin, 
These fragments are common, are often cashew shaped, and 
conform to the proximal eminence of the first phalanx This 
fragment is articular, but nonadicuiar fragments also occur. 


joint is flushed liberally with a balanced electrolyte solu¬ 
tion to remove any bone or cartilage debris. An intraop¬ 
erative radiograph or fluoroscopic image is taken to con¬ 
firm that the fragment was removed and that no free- 
floating fragments exist. 

The surgeon then closes the skin with 2-0 monofila¬ 
ment suture material using a simple interrupted pattern. 
A sterile bandage is placed over the incisions, and the 
limb is placed in a strong supportive wrap, which in¬ 
cludes me hoof and extends to just below the carpal 
joim. The supporting wrap is left in place for 1 to 3 days, 
after which it is replaced by a pressure bandage. Pressure 
bandaging is used until the sutures are removed. Horses 
are usually confined for 30 days. Between 2 and 4 
months’ rest is recommended before training is resumed, 
depending on the degree of joint damage and cartilage 
debridement. 


Fractures of the Proximal Palmar Eminence of the 
Proximal Phalanx 

Fractures of the medial and lateral eminences of the 
proximal phalanx are not common and should not be 
confused with osteochondral fragmentation of this site 
in young growing horses, which is debated to be part of 
the osteochondrosis syndrome (Fig. 8.187). 4 Osteochon¬ 
dral fragmentation of the caudal eminences of the proxi¬ 
mal phalanx occurs in approximately 5% of Standard- 
breds and Thoroughbreds without any clinical signs. 
Fragments are not usually a source of lameness until the 


horse undergoes aggressive training. If clinical signs 
occur, they are mild and consist of a high-performance 
lameness, joint effusion, and mild soreness to flexion. 
Fractures of the caudal eminence of the proximal pha¬ 
lanx, however, are usually associated with fetlock joint 
swelling, lameness, and soreness to direct pressure over 
the eminence, joint flexion usually markedly worsens the 
lameness. Stability of the joint should be assessed in these 
horses to determine if collateral ligament damage has 
also occurred. 

Horses may respond to stall rest of at least 90 days, 
hut reinjury may occur. Bony healing is not seen in con¬ 
servatively treated cases, because the fracture is dis¬ 
tracted by the distal sesamoid ligament insertions. Nu¬ 
clear scintigraphy can be used to distinguish fractures 
from incidental caudal eminence fragments. Fractures 
that continue to lx* a source of pain or are large enough 
to anchor to the parent bone with a bone screw can be 
treated surgically (Fig. 8.188). If the fracture has an artic¬ 
ular component and is to be removed, arthroscopic re¬ 
moval is possible; but dissection outside the joint capsule 
is required. Alternatively or for fractures without an ar¬ 
ticular component, an incision can be made directly over 
the fragment, which can be removed with sharp dissec¬ 
tion. If a compression screw fixation is required, intraop¬ 
erative monitoring with fluoroscopy or radiographs is 
needed for proper screw placement. After internal fixa¬ 
tion, a cast should be applied for recovery from anesthe¬ 
sia and removed within 48 hours, after which support 
pressure wraps are applied. To allow bone healing and 
repair of the distal suspensory injury, 6 months' rest is 


Copyrighted material 





Hidden page 



Chapter 8 Lameness 773 


The presence of other fetlock lesions noted at arthro¬ 
scopic surgery decreased the prognosis in racing Thor¬ 
oughbreds, but success was still good (greater than 70% 
return to racing).' 

Small acute, nondisplaced fetlock chip fractures usu¬ 
ally have a good prognosis with conservative treatment. 
Arthroscopic surgical removal may still be elected in 
these cases, because the convalescence is shorter after 
surgical removal (often less than 30 days) than for the 
bone to heal (90 to 120 days) and the risk of fracture 
displacement or refracture is eliminated. Factors that 
lower the prognosis include extreme large size of the 
fragment, chronicity, the degree of synovitis/capsulitis, 
and the amount of DJD present. Standardbred race¬ 
horses often have chronic joint changes associated with 
dorsal proximal phalanx fractures. 

The prognosis for proximal palmar fractures requir¬ 
ing compression screw fixation depends on the degree 
of initial trauma at the time of fracture. Often this will 
not be fully appreciated until the radiographs are taken 
3 to 4 months after surgery. 
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FRACTURES OF THE PROXIMAL 
SESAMOID BONES 

Fractures of the proximal sesamoid bones are com¬ 
mon injuries in racing Thoroughbreds, Standardbreds, 
and Quarter Horses 2 *^' 17,21 and are the most common 
fatal fracture in racing Thoroughbreds and Quarter 
Horses. 12 These fractures take a variety of forms, includ¬ 
ing apical, abaxial (articular and nonarticular), mid¬ 
body, basilar (articular and nonarticular), sagittal, and 
comminuted (see Fig. 7.40). The forelimbs are most fre¬ 


quently affected in the Thoroughbred (right forelimb) 
and Quarter Horse, whereas the hind limbs are most fre¬ 
quently affected in the Standardbred (left hindlimb). 
Most of these fractures distract as a result of the pull of 
the suspensory ligament proximally and the distal sesa¬ 
moid ligaments distally. 

Fractures of the apical portion of the sesamoid bone 
are by far the most common, making up more than 
88.1% of sesamoid fractures. Sesamoid fractures are 
most common (53.4%) in 2-year-olds, followed by 3- 
year-olds (23%). Apical fractures are frequently articu¬ 
lar, are singular, are rarely comminuted, and usually in¬ 
volve less than one-third of the bone (Fig. 8.190). In 
Standardbreds, apical fractures occur more frequently 
on the lateral sesamoid bones of the left hindlimb 
(42.8%) than on the right hindlimb (36.6%), whereas a 
more equal distribution is observed in Thoroughbreds. 

Basilar fractures are less common than apical frac¬ 
tures (6% of sesamoid fractures in Standardbreds) and 
represent avulsion fractures associated with the distal 
sesamoid ligaments and may be comminuted. Basilar 
fractures are more common in the Thoroughbred than in 
the Standardbred and can be small articular, transverse 
articular, or nonarticular (Figs. 8.191 to 8.193). Nonar- 
ticular displaced basilar sesamoid fractures arc removed 
only if they are associated with recurrent pain. These 
fractures are usually associated with a distal sesamoid 
ligament injury. 

The abaxial fracture is an uncommon sesamoid frac¬ 
ture (3%) in Standardbreds but may be more common 
in Thoroughbreds and Quarter Horses (Fig. 8.193). 1 

This fracture can be either articular or nonarticular. Ab¬ 
axial fractures can be difficult to diagnose and may re¬ 
quire an additional tangential projection on the radio- 
graphic examination to identify their exact location or 
can be identified on the craniocaudal view, 1 * 16 

The mid body transverse fracture is seen most fre¬ 
quently in the Thoroughbred, older Standardbred (mean 
age 6.5 years), and young foal (under 2 months). This 
fracture roughly separates the bone into equal portions 
and invariably enters the fetlock joint. Because of the 
distractivc forces of the suspensory ligament proximally 
and the distal sesamoid ligament distally, most of these 
fractures tend to separate. Infrequently, they remain in 
apposition but may separate later. If both sesamoid 
bones are fractured, they usually become distracted and 
the suspensory support apparatus is lost (Fig. 8.194). 

Causes 

The cause of proximal sesamoid hone fractures is ex¬ 
cessive tensile forces and direct blunt trauma to the bone. 
At the end of a race, fetlock extension is greatest because 
of fatigue of the digital flexor muscles that support the 
fetlock. This hyperextension maximally loads the sesa¬ 
moid bones. When the sesamoid bone can no longer 
withstand the distraction forces applied to it by the sus¬ 
pensory ligament and distal sesamoid ligaments, the 
bone fails. This muscle fatigue factor is most clearly illus¬ 
trated when young foals that arc placed on pasture frac¬ 
ture their sesamoid bones while running to keep up with 
their dams. 7,11 

Other factors such as poor conditioning, improper 
trimming and shoeing, and poor conformation create ad- 
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Figure 8.190 A A comminuted fracture of the apical portion of same sesamoid bone after the fragment was removed (Courtesy 

the sesamoid bone This type of fracture is uncommon B. The of T S. Stashak ) 



Figure 8.191 A Typical articular displaced basilar sesamoid base of the sesamoid bone (arrow) after arthroscopic removal of 

fracture (arrow) in a racing Thoroughbred. The articular component me fragment, This horse returned to racing 

is wider than the nonarticuiar component B Note the detect at the 


Copyrighted material 






Chapter 8 Lameness 775 




Figure 8.192 A. A nonarticular displaced basilar sesamoid small ligamentous separation approach to the base ol the 

fracture (oval), B, Note the defect at the base of the sesamoid sesamoid 

bone (arrow) after surgical removal of the fragment through a 



Figure 8.193 An abaxial nonarticular fracture ot the proximal 
sesamoid bone. 



Figure 8.194 Oorsopafmar view of the fetlock of a horse that 
sustained transverse fractures of the proximal sesamoid bones 
The apical fragments are displaced proxtmalty, (Courtesy of T S. 
Stashak.) 
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ditional stresses on this bone. Unequal tension applied 
to the sesamoid bone as the foot strikes the ground in 
an unbalanced position may also be a causal factor. 

During training, these bones rapidly remodel, which 
initially decreases bone porosity' and increases bone tra¬ 
becular width and mineralizing surface, thereby enhanc¬ 
ing the bone’s ability to withstand stress. 26 The suspen¬ 
sory ligament also increases in strength with training 
until it exceeds the strength of the bone, making bone 
failure the method of suspensory breakdown in racing 
or heavily training racehorses.* The vascular panern of 
the sesamoid bones may be implicated in site selection 
of fractures, because the orientation and distribution of 
vessels parallel the radiographic lucencies seen in horses 
with sesamoidiris and correspond to the configuration 
of apical fracture patterns. 22 

Direct trauma to the sesamoid bone can cause commi¬ 
nuted fractures and midbody fractures. Direct trauma 
can occur if the fetlock hits the ground in an athletic 
event or at the time of a uniaxial sesamoid fracture. It 
is also possible that a hindlimb could clip the sesamoid, 
causing fracture and often a wound. Tne medial sesa¬ 
moid bone is reported to be the most frequently involved 
when interference is the cause. 1 

The sesamoid bones also undergo marked bone re¬ 
sorption when the fetlock is immobilized and pathologic 
fracture after cast removal has been reported in adult 
horses. * * 

Signs 

The medial and/or lateral sesamoid bones may be 
fractured. Lameness is quite pronounced in acute stages: 
The horse is reluctant to bear weight on the limb and 
will not permit the fetlock to descend to a normal posi¬ 
tion during weight bearing. Swelling, heat, and pain are 
marked in the fetlock region. Tendosynovitis or suspen¬ 
sory desmitis may confuse the diagnosis if radiographs 
are nor taken. The horse evidences pain when pressure 
is applied to the affected bone or bones. Descent of the 
fetlock during weight bearing causes pain. Observation 
of the gait reveals that the fetlock is held rigid so that it 
cannot descend as much as the opposite normal fetlock. 

The fracture in the bone may occur in any area of 
the sesamoids, but proximal fractures arc more common 
than distal fractures; proximal fractures also are more 
amenable to treatment (Figs. 8.190, 8.195, and 8.196). 
Desmitis of the suspensory ligament and distal sesamoid 
ligaments may occur concurrently with fractured sesa¬ 
moids. After 1 to 2 weeks’ rest, lameness at the walk 
and trot may not be obvious, but joint effusion persists. 

A history of galloping to exhaustion in an attempt to 
keep up with the dams is common for young foals under 
2 months of age that have sustained fractures of their 
sesamoid bones. These fractures often occur in foals that 
have been confined to a box stall for several days and 
then are turned out for free exercise with the dams. 

Diagnosis 

Diagnosis is based on radiologic examination of the 
affected fetlock and the physical changes described. If a 



Figure 6.195 Chronic apical sesamoid fracture demonstrating 
chronic fibrous union (black arrows) and enthesiophyte formation 
(white arrows) after conservative management (stall rest) followed 
by return to training. 


fetlock joint is severely swollen and the horse shows pain 
when pressure is applied over the sesamoid bone(s), ra¬ 
diographs should be taken to rule out the possibility of 
fracture. Cases of tendosynovitis should be radiographed 
to eliminate the possibility of fractured sesamoid bones 
accompanying this condition. Sesamoidiris may cause 
similar signs, but radiographs will show no fracture and 
joint effusion will not be a prominent feature. 

Because the radiodensity and contrast may be poor in 
radiographs taken in very young foals (because of limited 
ossification), good-quality radiographs and close scru¬ 
tiny are required for the diagnosis, in some cases, the 
fracture cannot be diagnosed immediately and may re¬ 
quire a few weeks before it becomes apparent. This is 
also true for hairline nondisplaced fractures that occur 
in adults. These fractures may be difficult to differentiate 
from increased vascular channels associated with 
chronic sesamoidiris. 8,9 Nuclear scintigraph) can be 
helpful in making the diagnosis in these situations. 

Srandard radiographic views should include the dor- 
sopalmar (DP), the lateral medial L\1), and oblique pro¬ 
jections, Occasionally, the flexed LM may demonstrate 
lesions that are nor detectable on the other standard pro¬ 
jections, and estimation of reduction potential of mid¬ 
body fractures can be made. The addition of the skyline 
projection of the abaxial surface of the sesamoid none 
is helpful in some cases to identify the exact location of 
fractures on the abaxial surface. 16 

The radiographs should be closely examined for any 
signs of DJD associated with the fetlock and incomplete 
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Figure 8.197 A A smalt. completely articular sesamoid fracture 
(white arrow) and articular abaxial sesamoid fracture (black 
arrows). B. The fractures were removed arlhroscoptcally to permit 
adequate soft tissue healing and return to training In as tittle 


fractures of the proximal sesamoid bones have been 
treated successfully with lag screw fixation (Fig. 8.199) 
or circumferential wiring to provide postoperative hone 
compression and immobilization.'• h ’ 14 * 2 ' 

Autogenous cancellous bone grafting and cast immo¬ 
bilization have been used with some degree of success in 
both experimental situations and on a limited number 
of clinical cases, 1 ' but most surgeons prefer to combine 
autogenous cancellous bone grafting with internal fixa¬ 
tion of the fracture for the best and fastest results. Inter¬ 
nal fixation offers the advantage of earlier removal from 
the cast and earlier weight bearing. 

Fractures through the bodies of both sesamoid bones 
arc a common cause of breakdown in the racing horse 
(Fig. 8.194 ).' 2 Because the suspensory apparatus is lost 
and distal limb vascular supply may be disrupted, these 
horses may he humanely euthanized. However, animals 
with breeding potential or sentimental value can be sal¬ 
vaged by arthrodesis of the fetlock (see “Traumatic Rup¬ 
ture of the Suspensory Apparatus” in this chapter). 

Surgery is easily performed with the horse in lateral 
or dorsal recumbency under general anesthesia. For large 
fractures, fresh fractures, or fractures removed by 
arthrotomy rather than arthroscopy, a tourniquet should 
be used to control hemorrhage. An Esmarch bandage, 
used to force blood from the limb before the tourniquet 
is applied, will give one an almost bloodless field. An 
Esmarch bandage may be fashioned from a piece of rub¬ 
ber inner tubing, approximately 2 inches wide, or other 
suitable material. 

Surgical removal of apical sesamoid fractures can be 
performed by arthroscopy or arthrotomy through the 
palmar-plantar recess of the fetlock joint. Arthroscopy 
offers the advantage of rapid return to performance for 


as 3 weeks The short convalescence was acceptable because the 
suspensory ligaments were uninjured and removal did not require 
any ligament dissection, 


small articular fractures without suspensory involve¬ 
ment (3 weeks) and the ability' to remove more than one 
fracture from a joint with minimal incisional morbidity. 
Dorsal proximal phalanx fractures or biaxial sesamoid 
fractures may occur simultaneously. Dorsal recumbency 
offers the advantage of not having to move the horse to 
gain access to multiple sites or limbs for surgery, less 
bleeding, and passive flexion of the joint to enhance visu¬ 
alization and decrease tension of the suspensory liga¬ 
ment. Apical and articular abaxial fractures on both $e- 
samoids can be removed from one arthroscopic portal. 
Hemorrhage can limit visualization in fresh fractures 
that require dissection of the suspensory ligament (api¬ 
cal, articular abaxial, and basilar fractures). Use of elec- 
trocauterv probes for transection of the ligament may 
enhance precision of separation and lessen hemorrhage. 4 
For classical apical fractures that involve a suspensory 
ligament hut are smaller than one-third the length of 
the bone, arthrotomy or arthroscopy is a valid surgical 
approach. The arthrotomy can be made small, and this 
joint location heals well. When the fragment is in the 
apex of the bone, the incision should be made between 
the suspensory ligament and the palmar or plantar sur¬ 
face of the cannon bone (Fig. 8.196), Flexion of the fet¬ 
lock reduces tension on the suspensory ligament and 
flexor tendons for better visualization of the fracture. 
This enables one to retract the suspensory ligament so 
that the apex of the sesamoid bone can be seen. The 
fragment should lie gently but sharply dissected away 
from the rest of the bone. The fragment can be grasped 
with a small pair of rongeurs to permit dissection of the 
fibrous attachments from the bone. After the fragment 
is removed, tissue fragments arc removed and the bone 
is smoothed with a curette. 
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Figure 8.198 A A relatively large complete comminuted 
fracture of the base of the lateral sesamoid in a racing 
Thoroughbred. B After fragment removal This type of fragment 
can be removed arthroscopically with a fair to good prognosis for 



return to riding soundness C and D Alternatively, a double 
transfixation screw technique can be used to secure both distal 
fragments {Panels C and D are provided courtesy of T. S. 
Stashak \ 


A layer of simple interrupted sutures should be placed 
in the fibrous joint capsule and adjacent tissues with 2-0 
synthetic absorbable suture with swaged-on taper-point 
needle. A second layer of simple interrupted surures 
should be placed in the subcutaneous tissues, and the 


skin closed with a noncapillary, nonabsorbable plastic 
suture. The skin incision should be protected with a non- 
adherent sterile dressing, and the limb should be heavily 
wTapped in supporting elastic bandages. Casting or 
splinting is recommended for midbody fractures and 
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Figure 3.199 A A m>dbocty sesamotd fracture B Postoperative view showing a single cortical transfixalion 

screw stabilizing the fracture. A bony union resulted 


comminuted fractures and if clinical evidence of suspen¬ 
sory disruption accompanies the sesamoid fracture. 
After 10 to 14 days, the horse should lx* walked daily. 
Supporting wraps should be kept on for a minimum of 
30 days; they are especially important during the 2 weeks 
after surgery to prevent swelling. Reattachment of the 
suspensory ligament is slow; and for large fractures, 4 
to 6 months may be required before allowing the horse 
to return to training. 

For basilar fractures, the arthroscopc is similarly 
placed in the fetlock recess, but the instrument portal 
must be made into the distal fetlock recess so rhat instru¬ 
ments can be placed parallel to the base of the sesamoid. 
These fractures are more difficult to remove because of 
the extent of ligamentous structure attached to the bone. 
The axial fragment is often separated from the abaxial 
fragment and can get lost in the ligament and joint cap¬ 
sule, An intraoperative radiograph is strongly encour¬ 
aged to confirm complete removal of the fracture. If the 
fragment cannot be completely removed by arthroscopy 
owing to hemorrhage or migration of the fragment, the 
distal instrument portal can be enlarged to allow direct 
removal by arthrotomy. Blunt dissection in between dis¬ 
tal sesamoid ligaments can retrieve most fragments. 
Avoid entrance into the synovial sheath with this inci¬ 
sion, and close the soft tissues meticulously, 

Abaxial fragments that lie entirely on the basilar as¬ 
pect (nonarticular) of the sesamoid bone cannot be 
reached by any arthroscopic approach and must be re¬ 
moved by incision directly over the fragment. Most of 
these fractures do not need to be removed and heal by 
fibrous union. Removal of the fragment allows direct 
healing of the torn ends of the suspensory ligament to 
the bone, rather than a fibrous union between bone. 


Removal of nonarticular basilar sesamoid fractures is 
made on the palmar or plantar aspect of the fetlock on 
the side of the superficial flexor tendon just distal to the 
fetlock anular ligament. There is a depression palpable 
at the base of the sesamoid. The distal sesamoid liga¬ 
ments are bluntly dissected, and the fragment is located 
with a needle and radiographic imaging, if necessary. 
Once the fragment is located it can be shelled out with 
a sharp curette or elevator to avoid cutting the distal 
sesamoid ligament fibers. In most instances, nonarticular 
basilar sesamoid fractures do not require removal and 
heal with a fibrous union. Chronic pain from recurring 
tearing of the fibrous tissue can occur, and removal 
seems to improve the outcome. Entering the tendon 
sheath with an incision should be avoided because post¬ 
operative complications with synovial fluid leakage and 
chronic sheath distension can result. Careful closure and 
anatomic reapposition of soft tissues are recommended, 
and support of the incision in a splint or cast for 5 to 7 
days is suggested. 

When a sesamoid fracture involves one-third or more 
of the sesamoid bone, it may be repaired with a bone 
screw, using an ASIF {Association for the Study of Inter¬ 
nal Fixation ) cortical screw and a lag technique. A large 
basal fragment may be split in two pieces, and these frag¬ 
ments can sometimes be fixed into position by bone 
screws (Fig. 8,199). The incision is made directly over 
the region for drilling, as described above for approach 
to nonarticular basilar fractures. AH structures are dis¬ 
sected away from the palpable depression at the base of 
the bone to expose the location to seat rhe screw. To 
evaluate the progress of the operation properly when 
placing the bone screws, open the palmar or plantar re- 
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cess of the joint capsule between the suspensory ligament 
and the bone. The approximation of the fragments can 
be monitored through the incision in the palmar or plan- 
tar reflection of the joint capsule by visualizing the frac¬ 
ture, and bone graft can be placed from the joint surface. 
Fluoroscopic or radiographic examination is necessary 
to confirm the drilling angulation. A small 2-0 marker 
drill bit can be placed axial to the projected site for the 
screw and left in place for the radiograph and to main¬ 
tain fracture reduction. Distraction of the fracture can 
make overdrilling to obtain compression difficult. Drill¬ 
ing the bone should be done at a slow speed to avoid 
thermal necrosis caused by the drill. Care should be 
taken not to drill through the proximal portion into the 
suspensory ligaments, since this may result in dystrophic 
calcification of this ligament. It is necessary to study the 
approach and to be thoroughly acquainted with the anat¬ 
omy involved before placing the screw. 

If the fracture is of some duration, the distal fragment 
may be demineralized and easily fractured. One should 
exercise caution when tightening the screw to make sure 
that the fragment does not split as a result of demineral¬ 
ization or excessive pressure. The cancellous bone in the 
sesamoids is quite soft, and care must be used not to 
strip the threads in the cancellous and cortical bone. The 
cortex on the sesamoid bone is quite thin and can also 
be easily damaged (Fig. 8.199). Usually, a single 4.5-mm 
cortical bone screw is selected although one or two 3.5- 
mm cortical screws have been successful. Placement of 
the screws from proximal to distal has been described 
for fractures with a large abaxial component. Casting is 
recommended, because of the high forces at the fracture 
site that can bend or cause the screw to cyclically fail, 
particularly if anatomic reduction was not complete. 
Bone graft can be inserted into the fracture site just be¬ 
fore tightening the screw. Bony union is expected within 
6 months and return to training at about 9 months. 

The screw does not need to be removed, even if it 
breaks, as long as it is not infected. This surgery is techni¬ 
cally challenging and care must be taken to cover the 
foot well, but not with bulky drapes, or the correct angle 
of the drill cannot be achieved. I use several layers of 
sterile gloves and adhesive plastic over the foot. 

Ideally for use of screw fixation repair, the fragment 
should be in one piece and should involve at least 30% 
of the bone. Fractures approaching half of the bone vol¬ 
ume arc the most favorable. If the fragment is split, the 
prognosis is less favorable, and additional fragments 
may make the operation impractical. Circumferential 
wiring, which may contain these fragments and enhance 
the chance of bony union, could be elected as an alterna¬ 
tive. 

An alternate approach to internal stabilization of se¬ 
samoid fractures that involve more than one-third of the 
bone is circumferential and transfixarion wiring. Two 
incisions are required to place the wire. A palmar or 
plantar pouch aithrotomy is made to expose the articular 
surface and apex of the sesamoid bone, and another inci¬ 
sion is made into the digital tendon sheath through the 
anular ligament. A small 2-mm drill hole is made from 
lateral to medial across the apex of the sesamoid, and a 
16-gauge needle is passed through the distal sesamoid 
ligaments parallel to the base of the sesamoid bone, both 
to exit into the tendon sheath. An 18-gauge, 40-cm wire 


is passed through the needle and drill hole, tightened, 
and twisted on the lateral side. The fracture can be held 
in reduction at wire tightening with bone reduction for¬ 
ceps. 

Researchers are investigating ways to minimize wire 
breakage before adequate fracture healing, including the 
use of two wires or other braided materials not as suscep¬ 
tible to cyclic failure. Wire migration after breakage oc¬ 
curs and usually necessitates removal. Casting fora mini¬ 
mum of 30 days is recommended to reduce risk of wire 
breakage. Initial breaking strength of the circumferential 
wiring technique is similar to 2 * or greater than 1 ’ that of 
the screw technique; however, in vivo studies of cyclic 
failure have not been performed. I prefer the screw tech¬ 
nique, because it does not enter the tendon sheath, place 
foreign material into the tendon sheath, or require im- * 
plant removal even if implant failure occurs. In addition, 
if the screw does not work (i.c., cannot achieve compres¬ 
sion or is malposirioned), a wire can subsequently be 
placed. 

When fractures of both bodies of the sesamoid have 
occurred and the suspensory apparatus is lost, early 
treatment is required for a successful outcome. Even with 
early treatment, the initial soft tissue trauma may be se¬ 
vere enough that the blood supply to the foot is lost. 5 
Management of such injuries is directed toward the sup¬ 
port and immobilization of the fetlock joint for a suffi¬ 
cient period to stabilize soft tissue destruction; then con¬ 
sideration is given to surgical arthrodesis or conservative 
ankylosis by soft tissue fibrosis (sec “Traumatic Suspen¬ 
sory Rupture”). 

A major complication to this breakdown injury is sup¬ 
port limb laminitis in the contralateral weight-bearing 
limb. This will often be first recognized as increased 
weight bearing on the affected limb and is erroneously 
recorded as a good sign. In most cases, the laminitis oc¬ 
curs between the third and fourth week after injury. To 
reduce the chances of this laminitis, the contralateral 
hoof support should be maintained and analgesics 
should be administered to increase the weight bearing 
on the traumatized limb and decrease the stress to the 
contralateral weight-bearing limb. 

Fractures of the sesamoid that occur in conjunction 
with fracture of the metacarpal or metatarsal condyle 
are serious injuries that should be identified on the radio¬ 
graph. The prognosis for returning to racing, even with 
repair of the condylar fracture, is not good * These frac¬ 
tures arc usually sagittal and axial and occur with ex¬ 
treme pulling on the intersesamoid ligament when the 
condylar fracture displaces. The fractures indicate signif¬ 
icant soft tissue injury to the fetlock joint and that DJD 
is likely to ensue. 


The reported prognoses are as follows: 

• Apical sesamoid fractures: good to excellent (88% of 
Standardbreds return to racing) ; * 

• Abaxial fractures: good (71% of t horoughbreds and 
Quarter Horses return to racing) lv 

• Basilar fractures: fair (50 to 60% of Thoroughbreds 
return to racing) 1 ' 1 


Prognosis 
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Diagnosis 

The radiologic changes of true sesamoiditis have been 
described as bony changes on the abaxial surface or basi¬ 
lar region with increased radiodense buildup, increased 
number and irregularity of the vascular channels, and 
increased coarseness and mottling of the bone trabccu- 
lation (Figs. 8.200 and 8.201). In acute cases, radio¬ 
graphs may have to be taken approximately 3 weeks 
after onset of the condition to determine if the sesamoid 
bones have undergone bony changes. The condition may 
also occur w ith tendosynovitis, fracture of the sesamoid 
bones, and injury to the suspensory ligament, from 
which it must be differentiated. Careful radiographic in¬ 
terpretation of the mottled trabecular pattern seen in the 
proximal sesamoid bone is necessary to differentiate the 
condition from a fracture. An incomplete fracture can 
be differentiated from the coarse vascular canals, be¬ 
cause the fracture usually extends to the abaxial surface 
and the vascular canals do not. Also, the fracture line 
frequently runs at different angles from the vascular 
channels. 

Nuclear scintigraphy indicates increased radioactivity 
in the region of the sesamoid bones but usually not frac¬ 
ture activity. Ultrasound of the suspensory and distal 
sesamoid ligaments may not be useful, because many 
horses have no abnormalities in the ligaments in the 
acute phases of sesamoiditis. 

Treatment 

If heat, pain, and swelling are detected at the bone 
or suspensory insertion, then efforts should be made to 
reduce the inflammation. Alternating cold and hot 
packs, as well as antiphlogistic packs, should be used. 
Rest from performance until soundness at the trot is 
achieved and then slow convalescent exercise allow* the 
bone to continue to remodel and strengthen. It is impor¬ 
tant to keep the exercise below' a level that would reinjure 
the bone. Similar to other suspensory ligament injuries, 
convalescence is long (6 to 8 months), and injury often 
recurs when the horse returns to full w r ork. 

In chronic stages, firing and blistering have been used, 
but with only limited success. Radiation (x-ray and y- 
ray), laser heat, shock wave therapy, and a balanced min¬ 
eral diet arc considered by some clinicians to be valuable 
therapy for sesamoiditis as well as for the treatment of 
calcification in the suspensory ligament. 

Prognosis 

The prognosis for return to full athletic performance 
is guarded to unfavorable, depending on the amount of 
periosteal reaction and ncw r bone grow th that occurs on 
the sesamoid bones and the extent of injurs* to the sus¬ 
pensory ligament and to the distal sesamoid ligaments. 
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OSTEOMYELITIS OF THE AXIAL BORDER 
OF THE PROXIMAL SESAMOID BONES 

Osteomyelitis of the axial border of the proximal sesa¬ 
moid bones is an uncommon cause of lameness in horses, 
It is presumably an injury to the attachment of the inter- 
sesamoid ligament and seeding with bacteria from intra* 
articular injections may be associated with the condition 
(Fig. 8.202). In one report cm seven cases, three affected 
horses had a septic tenosynovitis of the digital sheath 



Figure 8.202 Axial margin sesamoiditis oval) is often a result 
of an injury to the intersesmoidean ligament and may harbor 
bacteria and an osteomyelitis, particularly if preceded by an 
intraarlicular injection. 
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and two of the seven had a fetlock septic arthritis 
(Stashak TS, personal communication). 1 In some cases, 
even though the clinical signs and radiographic lesions 
suggest sepsis, histologic studies of the lesions reveal in* 
farction and necrosis, not purulent inflammation. 

In this condition, horses are quite lame at the walk. 
In one report, lameness was 2 to 5/5 (mean 4/5).* Radio¬ 
graphs usually reveal hone lysis at the attachment of the 
intersesamoid ligament, primarily at the midhody and 
apical regions (Fig. 8.202). Some lesions appear cystic, 
whereas others appear to erode the axial border more 
diffusely. In one report, evidence of acute, subacute, and 
chronic reparative osteomyelitis was seen on the proxi¬ 
mal sesamoid bones in 10 fetlocks of affected horses. 
Surgical access to the area is possible from the pal- 
mar-plantar fetlock joint and digital shearh using ar¬ 
throscopy. Any abnormal bone and ligament is debrided, 
and samples are submitted for culture and sensitivity. 
After debridement, the sheath and joint arc flushed with 
a sterile balanced electrolyte solution, followed by 1 liter 
of 10% dimethyl sulfoxide (DMSO) and a broad-spec¬ 
trum antimicrobial, which is instilled in the synovial cav¬ 
ities (see Chapter 7). The prolonged administration (6 
to 12 weeks) of broad-spectrum antimicrobials is also 
recommended (Stashak TS, personal communication). 

Although the prognosis for return to performance is 
considered poor,’ using the approach described under 
“Treatment” can result in pasture soundness and, less 
commonly, return to intended use. If the intersesamoid 
ligament is damaged extensively the prognosis for return 
to performance remains poor. 
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TRAUMATIC ARTHRITIS OF THE 
METACARPOPHALANGEAL (FETLOCK) 
JOINT (OSSELETS) 

See Chapter 7. 

FETLOCK SUBCHONDRAL BONE CYSTS 

Fetlock subchondral bone cysts occur most com¬ 
monly on the weight-bearing surface of the metacarpal 
condyle (Fig. 8.203) and less commonly on the weight¬ 
bearing surface of the proximal (first) phalanx. Cysts of 
the distal metacarpus that open into the fetlock joint 
occur in young horses and are considered parr of the 
developmental osteochondrosis syndrome. 1 

Causes 

Developmental bone cysts are considered part of the 
developmental orthopedic diseases that occur during 
growth and the conversion of cartilage to bone (see 
Chapter 7 for further details). Proximal phalanx cysts 
may be traumatically induced. Injury to the articular car¬ 
tilage and underlying subchondral bone from high im¬ 
pact may allow synovial fluid to enter the fissure and 


* 


Figure 8.203 A distal third metacarpal subchondral bone cyst 
that opens into the fetlock joint. 


increase intraosseus pressure. I have seen several of these 
develop in mature working horses in which the cyst is 
not initially apparent on radiographs but develops 30 to 
60 days after injury. Typically, the lameness and joint 
inflammation improve as the cyst matures. 

Signs 

The average age of horses with clinical signs is 18 
months, although such cysts may develop before onset 
of clinical signs. Also proximal phalanx cysts can de¬ 
velop in horses of any age from trauma. Moderate lame¬ 
ness is a feature of the disease that includes soreness to 
fetlock flexion in most cases and fetlock joint effusion 
in about 50% of the cases. In my experience, the clinical 
signs of first phalanx cysts are an acute onset of lameness 
and joint heat and effusion with marked soreness to fet¬ 
lock flexion in a working horse. 

Diagnosis 

The diagnosis is made by radiographic evaluation of 
the joint (Fig. 8.203). In their early development, the 
cysts may not be apparent on radiograph; thus follow¬ 
up radiographic examination is recommended if clinical 
signs referable to the joint persist. Nuclear scintigraphy 
identifies a focal area of increased uptake in the bone as 
the cyst is developing and for several months after it 
has formed. Chronic cysts may not have significant bone 
turnover above the surrounding condyle and may appear 
quiet on nuclear scan. 
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Treatment 

Surgical debridement of metacarpal cysts by an ar¬ 
throscopic approach is the preferable treatment if the 
diagnosis is made before significant signs of DJD have 
developed. The arthroscope is inserted in the dorsal 
pouch on the side opposite the lesion, and the limb is 
flexed to expose the cyst. A small curette is directed into 
the cyst from an ipsilateral dorsal approach to remove 
contents and debride the cartilage edges. Some cysts can¬ 
not be reached by arthroscopy because the joint cannot 
be maximally flexed with the arthroscope in place. In 
these cases, the arthroscope can be removed, the limb 
forcibly flexed, and a small arthrotomv made directly 
over the cystic opening into the joint. 

Proximal phalanx cysts cannot lie reached by an artic¬ 
ular approach, because the weight-bearing surface is 
fully articulating and cannot be exposed by altering joinr 
position. These cysts can be surgically debrided from an 
extraarticular approach. A small 2.7-mm drill bit is di¬ 
rected to enter the cyst from the dorsal surface of the 
first phalanx. Radiographic or fluoroscopic control is 
required to ensure entrance into the cyst and to avoid 
the joint (Fig. 8,204). The cyst can be decompressed and 
debrided from this approach. 

Relieving the intraosscus pressure has the immediate 
effect of improving lameness in early cases and can pro¬ 
duce dramatic clinical improvement. Some articular car¬ 
tilage damage is expected to remain and an adequate 
rest period is recommended for cartilage healing. Use of 
postoperative systemic medication and follow-up intra- 
articular medication to support joint healing is indicated 
(see Chapter 7). 



Figure 8.204 A. Radiograph of a proximal phalanx subchondral 
bone cyst (arrow) Note the sclerosis surrounding the cyst, 


Prognosis 

The prognosis for return to performance appears to 
be good. In one report, surgical treatment of third meta¬ 
carpal subchondral cystic lesions allowed 80% of horses 
(12/15) to return to their intended use. 1 I lowever horses 
intended for elite performance—such as racing or na¬ 
tional-level competition for cutting, western riding, or 
three-day eventing—are unlikely to stay sound in my 
opinion. Follow-up radiographs assist with this prog¬ 
nosis, because osteophyte formation and signs of DJD 
develop I to 2 years after the onset of clinical signs. 

The prognosis for proximal phalanx cysts is, in my 
opinion, slightly lower than metacarpal cysts, particu¬ 
larly if they are traumatically induced. ! lorses usually 
dramatically improve in lameness after surgery and usu¬ 
ally become sound to the trot, but lameness can recur 
when returned to heavy training. 
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TRAUMATIC RUPTURE OF THE 
SUSPENSORY APPARATUS 

Traumatic rupture of the suspensory apparatus with 
or without fractures of both proximal sesamoid bones 
is a common cause of acute breakdown in the racing 
Thoroughbred and often results in humane destruction 
of the animal. 1 *' 4 Proximal luxations of the sesamoid 
bone without fracture can also occur with traumatic rup- 


B Radiograph taken 2 months postoperatwely that ciemonstrates 
a more radtodense appearance of the cyst (arrow), 
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for an extended duration (Fig. 8.205). Of 25 cases man¬ 
aged conservatively, 15 survived. Complications were 
similar to the surgical techniques and included pressure 
sores, osteomyelitis, avascular necrosis, and supporting 
limb laminitis.* 

Surgical arthrodesis of the fetlock should be consid¬ 
ered in acute cases with intact skin that have not devel¬ 
oped wounds during the initial management of the soft 
tissues and in chronic cases that fail to fuse or that de¬ 
velop chronic joint pain (Fig. 8.207). The goals of surgi¬ 
cal arthrodesis are to stabilize the joint rigidly in a neu¬ 
tral position, support osteoinduction, and provide 
comfort during the healing process. The most popular 
method is the use of a single 14-hole broad plate secured 
with 5.5- and 4.5-mm cortical screws spanning the dor¬ 
sal surface of the metacarpus, fetlock joint, and proximal 
phalanx. If the suspensory apparatus is disrupted, the 
palmar tension band must be reestablished or the plate 
will bend when loaded. The palmar tension hand can be 
reestablished by securing dorsal 4.5-mm cortical screws 
into the sesamoid bones adjacent to the plate for avul¬ 
sions proximal to the sesamoid bones or into the apex of 
the sesamoid bones. For injuries without intact sesamoid 
bones and for disruption of the distal sesamoid liga¬ 
ments, a tension band wire must be placed around the 
palmar surface of the joint. 1 

In this technique, the horse is placed in lateral recum¬ 
bency with the affected limb up so that a dorsolateral 
approach can be made through the lateral digital exten¬ 
sor tendon. The fetlock joint is exposed through an inci¬ 
sion that extends from the proximal cannon hone to the 
coronary band and from under the periosteum. The tis¬ 
sues are reflected medially as one layer to expose the 
dorsal surface. The plate is contoured to 15° extension 
and should engage as much of the metacarpus as possible 
without ending at the top of the cast. To remove all 
articular cartilage in the fetlock joint, the joint is luxated 
by transection of the collateral ligament. An osteotomy 
of the lateral condyle can also be performed to gain joint 
access. Subchondral drilling of the metacarpal condyle 
can be performed if desired to expose osteogenic cells to 
the joint surface. 

A bone plate is then conformed to the dorsal surface 
of the proximal phalanx and secured to it with four 
screws. The palmar tension band is then established by 
either placing the dorsal cortical screws into the sesa¬ 
moid bones or by drilling a 2.0-mm hole through the 
metacarpus and proximal phalanx from lateral to medial 
and threading an 18-gauge wire in a figure-eight pattern 
behind the joint. Both these techniques are placed and 
ultimately secured in slight flexion so that extension 
tightens the palmar tension band. 

If an osteotomy was performed, the condyle is now 
replaced and reattached by ultra fragmental compression 
through the previously drilled holes. The tension band 
wire is tightened over the palmar or plantar aspect of 
the fetlock. The conformed bone plate is attached to the 
dorsal surface of the cannon bone. Soft tissues are ap¬ 
posed over a suction drain and plate, and the rest of the 
closure is performed in a routine manner. 

A cast is applied that includes the foot and extends 
to )ust below the carpus or tarsus. The cast is removed 
in 14 days and reapplied only if required. Minimal coap¬ 
tation is usually needed after cast removal, making the 


aftercare simple. With this technique, the functional 
length of the limb is slightly increased; but it takes only 
a short period for the animal to adapt. In most cases 
reported, the technique has provided a pain-free func* 
tional limb that can withstand weight bearing. Because 
the fetlock is fused, it cannot be flexed. Horses can be 
turned out after 4 months of healing. It will take 6 to 
12 months for fusion to be complete. 

The use of external fixation to immobilize the fetlock 
and subsequently allow ankylosis, or combined with 
bone graft to stimulate ankylosis, is an alternative to 
internal fixation for rupture of the suspensory apparatus. 
A transfixation device places three parallel 9.6-mm 
threaded transfixation pins in the metacarpus and at¬ 
taches an aluminum foot place with a tubular frame dis- 
tally. The vertical bars are linked to the transfixation 
pins, using a filled polyurethane material that is poured 
into the tubular frame in liquid form. The dorsal fetlock 
joint is opened surgically to remove the articular carti¬ 
lage and to place the bone graft. The construct provides 
rigid fixation of the fetlock joint for fusion and permits 
access to wounds and infected tissues. The fixator can 
be maintained for 6 to 8 weeks, but fracture through the 
pin tracts can occur. 

In nine horses, four were successfully managed with 
this technique and two survived with fair results. Exter¬ 
nal fixation offers an advantage over internal fixation for 
treatment of suspensory apparatus ruptures with open 
wounds or infected ischemic soft tissues. Horses arc com¬ 
fortable in the frame, reducing the risk of supporting 
limb laminitis. 

Techniques and materials to replace the suspensory 
apparatus have been investigated by placing a thick 
braided nonabsorbable material (aramid yam) secured 
to the metacarpus with a screw, tunneled along the back 
of the fetlock joint and secured to the proximal phalanx 
with a screw.* The strength of the repair was signifi¬ 
cantly less than control limbs, with failure reported as 
fracture through the screw holes. The braided material 
induced significant granulomatous reaction in the tissues 
caudal to the joint. Other materials have not yet been 
evaluated. 

Prognosis 

The prognosis appears to he good for pasture and 
breeding soundness with preselection of cases. With ar¬ 
throdesis, 32 of 54 horses with fusion of the fetlock sur¬ 
vived and were eventually allowed unrestricted activity. 1 
The prognosis is better for horses in which fetlock ar¬ 
throdesis is elected as the primary treatment rather than 
as a last resort and is better for horses in which fusion 
is elected for osteoarthritis rather than rupture of the 
suspensory apparatus. The success rate increases if no 
signs of supporting laminitis are apparent at the time of 
surgery. 
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LATERAL AND MEDIAL LUXATION OF THE 
METACARPOPHALANGEAL AND 
METATARSOPHALANGEAL JOINTS 
(FETLOCK LUXATION) 

Lateral and medial luxation of the fetlock joint occurs 
uncommonly hut is a recognized syndrome that can af¬ 
fect all ages and breeds of horses. Usually, either the 
lateral or the medial collateral ligament is ruptured, cre¬ 
ating an obvious varus or valgus deformity of the fetlock 
region,* 1 ’ 6 Occasionally, avulsion fracture associated 
with the insertion of these ligaments or ioint capsule may 
occur and be noted on the radiograph proximal to the 
joint space (Fig. 8.208). Articular fractures of the pal¬ 
mar-plantar eminence may also accompany the luxa¬ 
tion. Both forelimbs and hindlimhs can he affected with 
luxation and the joint was open in half of 10 reported 
cases. 4 ’ 6 The diagnosis is quite obvious, because an angu¬ 
lar deviation of the fetlock joint is present. 

Occasionally, the luxation reduces spontaneously and 
only a lateral or medial swelling is noticed. Immediately 
after the injury, if the luxation is reduced, some horses 
will be minimally lame and appear sound at the walk. 
Reluxation can occur at any moment if the joint is not 
stabilized, until the swelling and pain begin to protect 
the joint. Physical manipulation of the fetlock in these 
cases clarifies the suspicion of luxation. Typically, the 
joint reluxates when it is flexed and abducted away from 
the side of injury. 

Subluxations of the fetlock joint resulting from flex¬ 
ure deformity of the limb are covered in Chapter 7. Fet¬ 
lock luxation resulting from traumatic rupture of the 
suspensory apparatus is covered in " T raumatic Rupture 
of the Suspensory Apparatus'’ in this chapter. 

Causes 

This injury frequently occurs when the horse steps in 
a hole or gets its foot caught between two immovable 
objects. The luxation results when the horse attempts to 
gain freedom. Owners frequently relate the history of 
finding the horse caught in this situation. Occasionally, 


horses spontaneously luxate their fetlock during high¬ 
speed activities (e.g., racing, rodeo eventing) or after run¬ 
ning into an object. 4 

Signs 

The clinical signs arc usually obvious and help differ¬ 
entiate this injury from fracture. 1 A varus angular defor¬ 
mity (outward deviation of the cannon bone and inward 
deviation of the digit) or valgus angular deformity (in¬ 
ward deviation of the cannon hone and outward devia¬ 
tion of the digit) is usually present. Sometimes, the luxa¬ 
tion reduces spontaneously and the remaining evidence 
of its occurrence is lameness, joint instability, and swell¬ 
ing over the torn collateral ligament. 

On palpation, the fetlock can be reduced and relux¬ 
ated without the degree of pain or evidence of crepitation 
associated with fracture. Most frequently, the swelling 
is less than that observed with fracture and is located 
selectively over the lateral or medial surface. Although 
the digital vascular supply is rarely compromised, it 
should be carefully evaluated, particularly in open luxa¬ 
tions. 

Diagnosis 

Generally, the diagnosis can be made by physical ex¬ 
amination alone. However, radiographs should be taken 
to identify an avulsion fracture, intraarticular fractures, 
or damage to the articular surface that has entered into 
the subchondral hone (Fig. 8.208B). Radiographs are 
particularly important in young foals to rule out the pos¬ 
sibility of growth plate fractures as a primary or a sec¬ 
ondary cause of the angular deformity. 

Treatment 

Treatment of simple luxation of the fetlock can be 
rewarding. In most cases, the injury is limited to the sup¬ 
porting soft tissues; and after the luxation is reduced 
under anesthesia, good axial alignment can be main¬ 
tained by casting or splinting the limb until healing oc¬ 
curs. Before applying the cast, needle drainage of any 
hematoma overlying the ruptured collateral ligament 
provides a better fit for the cast. This area should be 
clipped and shaved and aseptically prepared before per¬ 
cutaneous puncture and aspiration. Although ccntesis of 
the hematoma and cast application can he performed in 
the standing horse, general anesthesia and lateral recum¬ 
bency are preferred. Reduction of the luxation is usually 
not difficult, A cast is applied that incorporates the foot 
and extends to just below the carpus or tarsus in the 
adult. Alternatively, a cast that docs not encase the foot 
can be used. Casts or splints are maintained for 6 weeks 
with stall rest. After cast or splint removal, bandage sup¬ 
port and limited exercise are recommended. Initially, the 
horse appears stiff, but it soon feels free to flex its fet¬ 
locks. Only slight swelling (thickening) will be noticed 
over the area of collateral ligament rupture, and a cos¬ 
metic blemish will remain. 

Success can be achieved without suture of the collat¬ 
eral ligament, although several reports exist in the litcra- 
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Figure 8.200 A. Subluxation ol the fetlock joint with rupture of 
the lateral and medial collateral ligaments. (Courtesy of T. S. 
Slashak I B. Cramocaudal view after reduction, demonstrating the 
classical bony lesions, including a plantar eminence fracture of 


the first phalanx (lower left arrow), a bone fragment attached to 
the proximal end of the displaced medial collateral ligament (upper 
left arrows), and a fracture at the origin of the lateral collateral 
ligament (right arrow). 


rure for open repair. To repair the ligament* the end is 
located after surgical incision, debrided, and sutured. 6 
Alternatively, a polypropylene mesh has been substituted 
for the ruptured ligament and incorporated into the heal¬ 
ing under a casr. s Arthroscopic removal of the articular 
fractures should be elected if full athletic performance is 
a goal. For light riding soundness, it is not necessary if 
the fragments are small and from the palmar-plantar 
eminence. 

Acute open luxations can also be handled success¬ 
fully. 4 However, before immobilization, thorough de¬ 
bridement of all devitalized soft tissues, bone, and carti¬ 
lage should be performed. Copious amounts of sterile 
balanced electrolyte solution arc flushed through the 
joint with a needle placed in a site remote to the injury 
to remove the debris. It is important that all recesses 
within the joint capsule be thoroughly cleaned and de¬ 
brided. Flushing may be completed with 1 liter 10% 
DMSO solution followed by the instillation of a broad- 
spectrum antimicrobial in the synovial cavity. If the joint 
is minimally contaminated and was treated immediately, 
a primary suture apposition of the soft tissues is recom¬ 
mended. 

A sterile bandage that is thick enough to absorb and 
lift the drainage from the wound surface is applied. A 
lower limb cast is then applied similarly to that previ 
ously described. The cast is removed in 4 to 7 days, and 
the w'ound is reexamined. The decision is made at that 


time regarding the advisability of delayed primary clo¬ 
sure or recasting over a sterile bandage and relying on 
secondary intention healing for wound closure. Casts are 
required in most cases for at least 6 weeks. During that 
rime, the horse is confined to a dry box stall and treated 
with the appropriate broad-spectrum antibiotics and an¬ 
algesics. 

Chronic severe injuries such as traumatic rupture of 
the suspensory apparatus or luxation combined with ex¬ 
tensive fracture can best he managed with surgical ar¬ 
throdesis. In open fractures/luxations an external fixator 
may be necessary. Immediate bone grafting and removal 
of cartilage and damaged bone may need to be done (sec 
“Traumatic Rupture of the Suspensory Apparatus” in 
this chapter) (Fig. 8.209). 

Prognosis 

The prognosis for simple luxation of the fetlock is 
good for breeding soundness bur guarded for athletic 
performance. In one report, 7 of 10 horses, some with 
open luxations, could he used for breeding, and 1 horse 
was riding sound. 6 However, the final decision should be 
made regarding the outcome after follow-up radiographs 
are taken at 2 months. Immediate stabilization of the 
joint permits healing without the development of DJD. 
Lack of stabilization or unrecognized luxation results in 
osteoarthritis in horses allowed exercise.' 
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• Asymmetric growth of the metaphysis of the cannon 
hone 

• Wedging of the epiphysis 

• Asymmetric longitudinal growth of the phalanges 

• A degree of joint laxity* which may be present particu¬ 
larly in very young foals 

Accompanying the asymmetric growth may be varying 
degrees of defective endochondral ossification/ 4 Many 
of the factors for this entity are the same as those ob¬ 
served with angular limb deformity associated with the 
carpus (see “Angular Limb Deformities Associated with 
the Carpus” in this chapter). 


Signs 

To evaluate foals for angular limb deformity* it is nec¬ 
essary to get them on a clean* fiat surface in a calm envi¬ 
ronment that allows visualization from all angles. When 
the limb is straight and weight bearing* an imaginary 
plumb line can be dropped through the center of the limfc 
from the top to the bottom* dividing the limb into two 
halves. It will be dear if the foal has an angular deformity 
and* if so, whether it is valgus or varus. Rotational de¬ 
formities* which often occur with angular deformities, 
can also be estimated; but they are not corrected by the 
treatments outlined in this chapter* and the owner should 
be so notified. All four limbs and all joints should be 
evaluated. 

On visual observation, the degree of deviation and 
the pivotal point (center of deviation) can be roughly 
estimated. The foal should be exercised to gain an appre¬ 
ciation for any lameness and joint laxity. This can be 
difficult to appreciate with very active foals. In most 
cases* it is best to walk the mare slowly away from the 
foal and attempt to make this observation as the foal 
trots toward the dam. If a unilateral angular limb defor¬ 
mity of the fetlock is present* the examiner should pay 
close attention to the limb opposite the angular defor¬ 
mity. The affected limb should be palpated for heat and 
pain on pressure as well as for swelling. Manipulation by 
flexion, extension, and rotation is important to evaluate 
pain and joint laxity. Perineural anesthesia and mtrasy- 
novial anesthesia are rarely indicated in these cases. 


Diagnosis 

A good radiographic study is important to character¬ 
ize the angular deformity and to identify morphologic 
changes within the bones and soft tissues. In general* the 
dorsal palmar* dorsal plantar* and lateral medial views 
will suffice in most cases. Cassettes (7 by 17 inches)* 
should be used (see Chapter 4). The pivot point (axis of 
deviation) can be determined by placing an overlay of 
acetate or undeveloped x-ray film on the dorsal palmar 
radiograph. Two lines are drawn to bisect the cannon 
bone and the other line bisects the proximal phalanx. 
The point at which these lines intersect (axis of deviation) 
is referred to as the pivot point. 

The pivot point is important to determine, because it 
helps identify the underlying cause of the angular defor¬ 


mity. If the pivot point is located close to the growth 
plate (metaphyseal or epiphyseal side) then the probable 
cause of the angular limb deformity is asynchronous 
growth in the distal metacarpal metaphysis. If the pivot 
point is closer to the fetlock* then there may be wedging 
of the epiphysis or asymmetric growth of the proximal 
end of the proximal phalanx (Fig. 8.21 OB). The angle 
of deviation can also be calculated or measured with a 
protractor from this pivotal point. 

The morphologic changes commonly observed on ra¬ 
diographic examination with angular deformities of the 
fetlock include the following: 

* Metaphyseal flaring and metaphyseal sclerosis 

* Widening of the growth plate 

* Wedging of the epiphysis 

* Asymmetric growth of the proximal phalanx, often as¬ 
sociated with similar changes in the distal cannon bone 
area 

* Osteochondrosis-like lesions of the cannon bone or 
proximal phalanx 

Both the morphologic findings and the identification of 
the pivot point arc important when deciding what course 
of treatment should be selected and for helping predict 
the eventual outcome. 


Treatment 

Congenital Form 

Foals with the congenital form are born with the de¬ 
formity. If it is mild to moderate* confinement of the 
mare and foal to a stall will allow rapid (within 7 to 10 
days) correction of the deformity as the ligaments mature 
and strengthen. If the problem is severe* worsens within 
days, or does not improve* treatment should begin. Ra¬ 
diographs should be taken to determine if and how se¬ 
vere the delayed endochondral ossification is. The limb 
should be examined to see if it is manually reducible. If 
the deformity is reducible (as may occur in the carpus) 
and, therefore, attributed to ligamentous laxity, treat¬ 
ment consists of reducing the Limb and applying sleeve 
casts for 10 to 14 days, until mineralization of the bones 
occurs (see “Carpal Angular Limb Deformity”). 

In the fetlock* congenital angular deformities are 
rarely reducible and thus* if severe or worsening, surgical 
intervention is required. It is unlikely that an angular 
deformity in excess of 5° in the fetlock will correct fully 
on its own with conservative management. Farlv inter¬ 
vention is recommended—surgical hemicircumferemiaI 
transection of the periosteum (HCTP) and periosteal 
stripping (PS) by 1 or 2 weeks 2 —and, if significant defor¬ 
mity persists, transphyseal bridging (screw and figure- 
eight wire) by 1 month (Fig. 8.2IOC). 1 Diaphyseal de¬ 
formities of the cannon bone can occur* usually in the 
hind!imb. Surgical intervention should include not only 
HCTP and PS just proximal to the distal metacarpal/ 
metararsal growth plate but also stripping of the diaphy- 
sis to stimulate bone modeling. To assist with correction 
of fetlock deformities, HCTP and PS can also be per¬ 
formed in the proximal phalanx growth plate. 
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tissues must be done, because the gaping sheath and fluid 
will be directly under the incision. The skin is then su¬ 
tured with a noncapillary, nonabsorbable suture. Post¬ 
operative management is critical to prevent incisional 
leakage, dehiscence, and possible infection. A tight elas¬ 
tic bandage and strict stall confinement are recom¬ 
mended for 7 to 10 days. If synovial leakage is noted, 
immobilizing the limb in a boot (forelimb) or Leg Saver 
splint (hindlimb) will permit primary healing (Fig. 
8.206C). 4 

To perform the percutaneous approach to transec¬ 
tion, a small incision (I to 2 cm long) is made at the 
proximal limits of the anular ligament down through the 
ligament to expose the tendon. A straight pair of Mayo 
scissors is then used to make a subcutaneous tunnel over 
the ligament and then to cut the ligament, leaving the 
overlying subcutaneous tissue and skin intact. (A curved 
blunt-tipped bistoury can be used instead of the Mayo 
scissors.) Suture closure in these cases is relatively quick, 
so there is less chance of incisional dehiscence. 

The horse is put in a snug-fitting support wrap of 
elastic gauze and tape or medicated gauze bandage. Exer¬ 
cise can begin in 5 days with this approach, by hand 
walking the horse and gradually increasing exercise so 
that the adhesions will not unite the incised edges of the 
anular ligament. Antibiotics arc optional, and nonsteroi¬ 
dal anti-inflammatory drugs (NSAlDs) are usually ad¬ 
ministered. This technique is inexpensive and can be per¬ 
formed standing, if necessary, but visibility of tendon or 
tendon sheath structures is not attained. 

For endoscopic transection of the fetlock anular liga¬ 
ment, the horse is placed under general anesthesia and 
prepared as described earlier. The arthroscopc portal is 
made distal to the fetlock joint on the side of the deep 
flexor tendon in the small space distal to the palmar 
anular ligament and proximal to the proximal digital 
anular ligament. A second portal proximal to the palmar 
anular ligament is made for insertion of a slotted cannula 
and, subsequently, a 90° knife used for the transection 
of the ligament under endoscopic guidance. The separa¬ 
tion of the ligament is visible and ensures complete tran¬ 
section. The portals are closed routinely. The endoscopic 
approach offers the advantage of visualization of the 
sheath, synovium, and tendons (partially). Resection of 
adhesions, proliferative synovium, and tendon splitting 
can be performed as desired (Lowery J, personal commu¬ 
nication). The disadvantages of the technique are cost 
and equipment requirements. Tenoscopy would be spe¬ 
cifically recommended in horses with adhesions and sy¬ 
novial proliferation noted on ultrasound and in horses 
that respond dramatically to anesthesia of the digital 
sheath (Lowery J, personal communication). 


Alternatively, the tendon sheath can be evaluated with 
the arthroscopic through a different portal just proximal 
to the palmar anular ligament. Subsequently, the anular 
ligament can be transected by using this portal as the 
incision for the percutaneous method. 

Prognosis 

If the primary cause is desmitis of the pa I mar-plan tar 
anular ligament and is not accompanied by extensive 
changes in the tendon (bowed tendon), the prognosis 
after surgical resection is good (84% returned to perfor¬ 
mance).^* 11 Another study found that 87% of horses 
with desmitis of the palmar-plantar ligament became 
sound after anular ligament resection/' I) superficial digi¬ 
tal flexor tendinitis is present, the tendinitis—not the 
constriction—appears to limit the performance. Stan- 
dardbreds that underwent anular ligament desmotomy 
in addition to other surgical procedures for tendinitis 
improved and were able to race, 5 Of 13 horses with ten¬ 
dinitis and anular ligament desmitis treated by anular 
ligament resection, 38% became sound. 9 
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Part IV 


THE METACARPUS AND METATARSUS 


Alicia L. Bertone 

PERIOSTITIS AND FRACTURE OF THE 
DORSAL METACARPUS (BUCKED SHINS, 
SHIN SPLINTS, AND STRESS FRACTURE) 

Periostitis and stress fracture of the dorsal surface of 
the third metacarpal bone constitute a spectrum of dis¬ 
eases that are commonly observed in young (2 to 3 years 
of age) fast-gaited horses. Although the greatest inci¬ 
dence is observed in young racing Thoroughbreds, it also 
affects young Quarter Horses and occasionally racing 
Standardhreds (Fig. 8.213). The hindlimbs are infre¬ 
quently involved,"’ 

Causes 

Although there are different subdivisions of this dis¬ 
ease (as described later), it appears that all clinical syn¬ 
dromes have a common pathogenesis. In young horses 
put in training, the metacarpal bone is exposed to new 
stresses. In younger horses (2 year olds), the metacarpal 



Figur* 8.213 A racing Quarter Horse wrth the classical 
metacarpal profile of a dorsal cortical stress fracture 


bone is less stiff and, therefore, greater strains (bone 
movement) are pur on the dorsal cortex during high¬ 
speed exercise than in older horses. These high strains 
may lead to low-cycic fatigue of the hone and subsequent 
bone pain (bucked shins, sore shins). 14 Dorsal metacar¬ 
pal strain is even greater in the lead limb (the left limb 
in racing), correlating with the most common location 
of fracture. 6 

During normal maturation of the third metacarpal, 
horses aged I to 2 years are normally resorbing primary 
osteons and have greater amount of resorption cavities 
and incompletely filled secondary osteons than older 
horses. This bone structure is more susceptible to fatigue 
microdamage caused by training because of its higher 
porosiry, fewer completed secondary osteons, and a 
lower proportion of circumferentially oriented collagen 
fibers.^ In racing Quarter Horses put in rraimng, the 
bone density of the medial and lateral dorsal metacarpus 
significantly decreased during the first 62 days of train¬ 
ing, then significantly increased from day 104 to 244 
of training. Horses experienced fewer bone-related 
injuries when they had greater cortical mass in the lateral 
aspect of the third metacarpal at the commencement of 
training. 1 * 

The changing shape of the metacarpal bone during 
maturation 1 and training*’ 24 is consistent with lower 
strains during high-speed exercise in older horses. The 
thickening ot the dorsal cortex, including diffuse dorsal 
periosteal new hone seen particularly in horses in train¬ 
ing, is likely a natural response to these demands on the 
bone to withstand stress without developing rmcrofrac- 
tures or dorsal cortical fractures (Fig. 8.214). This has 
been further confirmed by experimental exercise condi¬ 
tions that induced marked modeling (not remodeling) of 
the dorsal cortex, specifically subperiosteal bone forma¬ 
tion at the mid-shaft of the third metacarpal bone. In 
addition, horses completing the full training program 
had greater mineral bone content despite a lighter body 
weight. 11 Foals significantly increase metacarpal bone 
mineral density with age, and lack of exercise retards the 
normal bone development. 1 

In summary, for horses in race training, high strains 
can induce low-cyclic fatigue of bone, resulting in micro- 
damage or ultimate bone failure. The body responds 
with bone modeling, but microfracture damage may de¬ 
velop and cause pain. The majority (more than 80%) 
of 2-year-old racing Thoroughbreds’ and many racing 
Quarter Florscs demonstrate dorsal cortical pain. It is 
estimated that about 12% go on to develop acute failure 
or dorsal cortical fracture, usually w ithin 6 to 12 months 
of showing dorsal cortical pain. 1 Thoroughbred horses 
trained on dirt surfaces (instead of wood fiber) 14 and 2- 
year-old horses w ith faster w f orks (15 m/sec) 1 had signifi¬ 
cantly greater incidence of dorsal metacarpal disease, 
further supporting this pathogenesis. The incidence of 
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Figure 8.214 A A macerated specimen ot the right 
third metacarpa bone, illustrating a subperiosteal callus 
on the dorsal medial surface B, Cross section through the 
third metacarpal bone ot a horse with dorsal metacarpal 
disease Note that the dorsal cortex is thicker than the 
palmar cortex panels A and 8 are provided courtesy ot 
P. F. Haynes ) 


fatigue failure of the metacarpal dorsal cortex is greater 
in Thoroughbreds than in Standardbreds; this was not 
attributed to inherent differences in the mechanical prop¬ 
erties of the bone but rather to gait differences and result¬ 
ant bone stresses during training and racing. ,ft 

Signs 

Early dorsal metacarpal disease is usually observed in 
young Thoroughbred racehorses 18 to 36 months of age) 
and occasionally in older horses that have not been stren¬ 
uously trained or raced as 2-year-olds. The disease has 
an acute onset and is most obvious after intense exercise. 
There is usually minimal alteration of the horse's gait, 
particularly after short periods of rest. A visible convex 
swelling overlying the surface of the affected portion of 
the cannon hone is common (Fig. 8.213). On palpation, 
the dorsal cortex of the third metacarpal bone is acutely 
painful to pressure. Frequently, the horse will withdraw 
the limb in response to pain. Radiographs taken at this 
time are usually negative; however, fractures are occa¬ 
sionally observed as is a minimal amount of superficial 
cortical osteolysis. 1 * 

Subacute to chronic dorsal metacarpal disease invari¬ 
ably develops as a result of acute disease that is unre¬ 
sponsive to therapy or that has gone unrecognized. It is 
most frequently seen in horses 26 to 42 months of age. ** 
At exercise, only mild degrees of gait deficit may he no¬ 
ticed. On palpation, varying degrees of pain may be elic¬ 
ited, but a more obvious enlargement is palpable on the 


dnrsomedial cortex (Fig. 8.214), The pain response is 
typically more profound after strenuous exercise. As 
with earlier disease, the left limb is usually more severely 
affected. On radiographic examination, periosteal new 
bone formation is usually observed (Figs. 8.215 and 
8.216).** 

Dorsal metacarpal bone failure results in a fracture of 
the dorsal or dorsolateral cortex of the third metacarpal 
bone. It is usually observed in older horses (3 to 5 years of 
age) (Figs. 8.213 and 8.214). As with dorsal metacarpal 
disease, the lameness may not be prommenr while the 
horse is rested. However, it is usually prominent after 
strenuous exercise. On palpation, a rather discrete pain¬ 
ful area can be noted on the dorsolateral surface of the 
left third metacarpal (cannon) hone at the junction of its 
middle and distal third. Only rarely will the right third 
metacarpal bone be involved. Radiographs usually point 
to a cortical fracture on the dorsolateral surface (Figs. 
8.213 and 8.215). 16 


Diagnosis 

A tentative diagnosis of metacarpal periostitis or 
stress fracture can be made from the clinical findings and 
the age relationship. Little information is derived from 
local direct infiltration anesthesia of the painful area, 
because it provides only partial relief in the lameness. 
Median and ulnar nerve perineural anesthesia or proxi¬ 
mal metacarpal regional anesthesia with a ring block is 
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Figure 8.215 Lateral view demonstrating a classical dorsal 
cortical stress fracture extending from the dorsal cortex and 
coursing proximad toward the endosteal surface (longue fracture) 
(arrow) 



Figure 8.216 A long dorsal cortical metacarpal stress fracture 
with periosteal new bone formation around the fracture indicating 
chrontcrty and failure to heal. 


required for total relief of pain, but this is rarely indi¬ 
cated. 

Radiographs can assist with the diagnosis of dorsal 
cortical fracture. A scries of four radiographic views 
should be taken: dorsopalmar (DP), lateral medial (LM), 
dorsopalmar, lateral medial oblique (DPLMO), and dor¬ 
sopalmar, medial lateral oblique (DPMLO), The 
DPLMO and the LM views best identify dorsal medial 
bone proliferation, and the DPMLO and LM views best 
identify dorsal lateral conical fractures. Horses continu¬ 
ing to train and race with sore shins can be screened for 
the development of fractures with radiographs. 

In acute dorsal metacarpal disease, it is rare to see 
radiographic abnormalities. In subacute dorsal metacar¬ 
pal disease, periosteal new bone formation (of reduced 
density compared to underlying cortex) and surface cor¬ 
tical bone resorption may be observed. In chronic dis¬ 
ease, a thickening of the dorsomedial cortex wirh associ¬ 
ated periosteal new bone formation is seen (Figs. 8.215 
and 8.216). Occasionally, an endosteal response may be 
noted in the advanced cases. 

Dorsal cortical fractures have a characteristic radio- 
graphic appearance and usually enrer the cortex disrally 
and progress proximad at a 35 to 45° angle. Most fre¬ 
quently, the fracture appears in radiographs as a straight 
or slightly concave fracture line (tongue fracture) (Figs. 
8.215 and 8.216). Occasionally, it will proceed proxi¬ 
mad to exit through the dorsal cortex (saucer fracture). 
Rarely, the fracture continues to enter the medullary 
canal. Multiple fractures may emanate from the distal 
site of the cortical entry (often termed fissure fractures). 
A periosteal callus is often present at the site of fracture 
and is a function of the chronicity of the disease. Endos¬ 
tea! proliferation is sometimes observed in fractures that 
are complete through the cortex. Repeated radiographs 
at 7- to 10-day intervals may be necessary to identify 
a fracture that is suspected but not observed on initial 
radiographic examination. 16 

Nuclear scintigraphy can provide information about 
the stage of disease in horses with dorsal conical pain 
or with undiagnosed forelimb pain. This technique has 
a high sensitivity for identifying bone metabolism and 
turnover and allows detection of abnormalities in horses 
in the acute to subacute stages that are still in training. 
Racehorses may have bone scintigrams performed to de¬ 
termine if training should continue or to identify ftxal 
uptake that indicates impending fracture. In review of 
121 bone scintigrams of racing Thoroughbreds with clin¬ 
ical history of dorsal metacarpal disease, horses without 
fracture (bucked shins) had a mild to moderate diffuse 
uptake of bone radiolabel, unlike the focal intense up¬ 
take typical of dorsal cortical fracture. Chronic fractures 
are less focal and intense because of surrounding bone 
remodeling but still appear relatively focal compared to 
early disease. 11 

Use of quantitative CT to measure bone mineral den¬ 
sity and three-dimensional morphologic changes in the 
metacarpus may provide improvements in identifying 
risk factors or imminence of fracture. 

Treatment 

Early acute dorsal metacarpal disease usually re¬ 
sponds to rest. Approximately half the horses with acute 
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bucked shins can continue to train after 5 to 10 days of 
rest and anti-inflammatory analgesics. Hand walking, 
ponying, cold water hosing, and bandaging should con¬ 
tinue until the dorsal cortex can be palpated without 
eliciting pain. 

Speed and distance arc introduced slowly, with con¬ 
stant monitoring of dorsal cortical pain. Initially, the 
daily galloping distance is reduced to 50%. If speed is 
increased, distance should be decreased. 1 The goal is to 
increase the stress to the dorsal surface of the metacarpal 
bone gradually, at a rate that allows this surface to model 
according to compressive demands without producing 
structural damage. 

Subacute and chronic dorsal metacarpal disease can 
be the most difficult to treat. After an exacerbation, 
many horses may nut be suitable for the modified train¬ 
ing regimen described above and pain immediately re¬ 
turns with any sustained galloping. These horses may 
have marked periosteal new bone formation. More pro¬ 
longed rest (generally 110 days) is usually necessary for 
bone remodeling of the new periosteal hone and remod¬ 
eling of fatigued hone. Many horses are fired and turned 
out after an initial treatment period. 

Dorsal cortical fractures in young horses may resolve 
with the conservative approach outlined above for sub¬ 
acute or chronic bucked shins. Convalescent periods may 
extend from 4 to 6 months, because fracture healing is 
slow' at this site. 1 ' 1 Older horses often do not respond as 
well to conservative treatment, and surgery is recom¬ 
mended. In either case, serial radiographic studies should 
be performed at least 50 to 45 days to assess hone 
healing. 16 

Several surgical procedures have been recommended 
for treatment of dorsal cortical metacarpal fractures, in¬ 
cluding placement of a unicortical or transcortical screw* 
in lag fashion, placement of a neutral unicortical posi¬ 
tional screw, and dorsal cortical drilling (Figs. 8.217 and 
8.218). Transcortical screws are no longer recommended 
because of the expected differences in strain between the 
palmar and the dorsal cortices, the risk of fracture, and 
the risk of damage to the suspensory ligament. Placement 
of a dorsal unicortical screw in lag fashion can be techni¬ 
cally difficult owing to the short depth of the cortex 
(about 22 mm) and the need for radiographic control, 
hut it provides the best fracture stability. Placement of 
a neutral dorsal unicortical screw to help stabilize the 
fracture combined with dorsal cortical drilling is often 
elected for increased stability over dorsal cortical drilling 
alone. Cortical bone screws (4.5 or 3.5 mm I arc used. 

There is no consensus on the recommendation for 
screw removal. Many horses have and will race success¬ 
fully with the dorsal cortical screw in place. However, 
reoccurrence of dorsal cortical pain may occur (regard¬ 
less of the presence of a screw), and the screw will be 
presumed to be the cause. If any fracture occurs in this 
horse in the future, such as condylar fracture or complete 
metacarpal failure, the screw may be considered a cause. 
Many surgeons currently recommend removal of the 
screw after sufficient time of healing (2 months) (Fig. 
8.218R). Selection of 4.5-mm cortical screw's allow' for 
easy removal W'ith the horse standing. 2,4 ’ 9,25 

Fracture fixation is accomplished under general anes¬ 
thesia with the aid of precise radiographic or fluoro¬ 
scopic monitoring. A longitudinal incision is made be- 



Figure 8.217 A. Dorsal cortical drilling (osteostixis) of a dorsal 
metacarpal stress fracture. B. Positional unicortical screw 
placement. C. Unicortical screw placement in lag fashion. 


tween the common and lateral digital extensor tendons 
over the area of greatest swelling. The incision is contin¬ 
ued down to the periosteum. Using the preoperative ra¬ 
diographs and anatomic landmarks as guides, the lesion 
position is estimated and marker needles are placed for 
intraoperative documentation. Once the precise position 
of the fracture is identified a 3.5- or 4.5-mm cortical 
screw* is used. A single screw is placed to lag the outer 
dorsal cortex to the inner surface of the dorsal cortex 
(Fig. 8.218). The drill hit is placed at a right angle to the 
fracture line. The outer dorsal cortex is overdrilled to 
the fracture. The thread hole is drilled into the marrow 
cavity and tapped. Final radiographs document the ap¬ 
propriate length and position of trie screw. 

For neutral placement, the screw can be placed per¬ 
pendicular to the surface of the bone, and no overdrilling 
is required. This procedure is technically easier, does not 
require radiographic monitoring, and places the head of 
screw flush with the bone. 

Postoperative management includes bandaging for 2 
to 4 weeks, hand walking after 2 weeks, stall rest for 6 
weeks, screw' removal at 8 weeks, hand walking for 2 
weeks, and then limited tumour to 3 months. l ight train¬ 
ing can begin as early as 3 months. Greater than 95% 
of horses can return to racing in about 8 months. 4 

Osteostixis can be performed under general anesthe¬ 
sia or in the standing horse. Five to seven drill holes are 
made in a diamond pattern through the dorsal cortex 
into the inarrow* cavity. This procedure can be combined 
with unicortical screw application. Success for return to 
racing is similar (more than 80%) to that recently re¬ 
ported for screw fixation, and shorter durations for re¬ 
turn to racing (4 to 6 months) are reported/ 1 Clustered 
drill holes act as a stress concentrator and significantly 
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Signs 

The clinical signs for nondisplaced incomplete frac¬ 
tures are a mild lameness that is exacerbated by exercise 
and the presence of little heat or swelling; with acute 
displaced fractures, rhere is severe lameness with heat, 
pain, and swelling. Incomplete nondisplaced fractures 
are often so subtle they are missed on physical examina¬ 
tion but may be detected by screening radiographs or 
nuclear scintigraphy. However, fetlock joint effusion is 
always present, because all actual fractures originate at 
the articular surface. This is best seen in the palmar or 
plantar recess of the fetlock joint capsule. The external 
swelling on the lateral side of the large metacarpal or 
metatarsal bone depends on the degree of separation of 
the proximal end or the fragment and is readily palpated 
in displaced fractures. More swelling is observed with 
greater separation of the fracture fragment. The degree 
of pain associated with palpation and the amount of heat 
that is felt depend on the acuteness of the fracture. More 
heat is noted with acute displaced fractures. Fracture 
movement and crepitation may also be detected. 

Increased lameness can be observed in a horse after 
it has been exercised and when it is circled to the affected 
side. Flexion and rotation of the fetlock usually result in 
sufficient pain to cause withdrawal of the limb. In acute 
displaced fractures, crepitation may be felt w f irh rotation 
of the fetlock. When flexion tests are used in a horse 
with a fissure fracture, increased lameness is observed. 
If a fracture is suspected based on history, clinical signs, 
and joint effusion, radiographs should be taken immedi¬ 
ately, without further lameness examination or joint ma¬ 
nipulations, to decrease the risk of propagating the frac¬ 
ture or worsening the articular cartilage injury. 

Diagnosis 

Radiographs arc recommended for suspected condy¬ 
lar fracture. Only if a fracture is not present can perineu¬ 
ral anesthesia and inrrasynovial anesthesia be consid¬ 
ered. I lowcvcr, a small percentage of these fissure 
fractures are difficult to identify radiographically, so 
make certain that radiographs are closely scrutinized. 

Diagnosis is made by examination of a standard series 
of radiographs (DP, LM, DPLMO, and DPMLO) plus 
a 125° caudocranial view, which provides a view that is 
tangential to the palmar surface of the condyle. Alterna¬ 
tively, this view can be taken palmar dorsal with the 
fetlock in flexion, although hone distortion occurs, l.ong 
cassettes should be used, so that the fetlock joint and the 
proximal cannon bone can be included in the study (Fig. 
8.221). Close evaluation of the image should be done to 
rule out the possibility of other injuries. Lesions associ¬ 
ated with condylar fractures include ostcocondylar frac¬ 
tures of the proximal phalanx on the proximal border, 
fractures of the proximal sesamoid bone, degenerative 
joint disease (DJD) of the fetlock, palmar and plantar 
erosive lesions of the distal third metacarpal or metatar¬ 
sal bone, suspensory ligament desmitis, and longitudinal 
fractures of the metatarsus. These associated lesions may 
influence the treatment recommendation and the prog¬ 
nosis. 

Nuclear scintigraphy can he used to locate bone dam¬ 
age before fracture or to identify a fracture {Fig. 8.222). 


Figure 8.221 A fracture of the lateral condyle of the metatarsus 
that extends proximad to approximately the midmetatarsal region. 
(Courtesy of T. S. Stashak) 


The recommended treatment of most condylar frac¬ 
tures is internal fixation with rranscortical screws placed 
in lag fashion for best return to full athletic performance 
and the health of the fetlock joint (Fig. 8.141). Incom¬ 
plete, nondisplaced fractures can be treated conserva¬ 
tively with successful return to racing, and surgery is 
not always required. The advantages of screw fixation 
include the following: the original fracture will not be¬ 
come further displaced; relatively short convalescence; 
reduced incidence of refracture at the same site; and pri¬ 
mary bone healing, which decreases the chances of DjD 
of rhe fetlock. Articular alignment and minimal cartilage 
gap are maintained best when compression is used. 

Arthroscopic evaluation of the articular alignment 
can he used, if necessary', for displaced fractures, particu¬ 
larly if other bone fragments need to be removed, such 
as proximal phalanx eminence fractures or comminution 
of the palmar fracture line. Articular damage can also 
be assessed and may affect the prognosis for displaced 
fractures, particularly those of more chronic duration 
(days to weeks). 

Horses with incomplete fractures that are treated with 
a cast or support bandages should be confined to box 
stalls and observed closely over a period of 2 to 3 weeks 


Treatment 
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postoperative lameness is a red flag for problems, and 
radiographs should be obtained. 

Postoperative exercise should be limited for at least 
90 davs. Stall rest confinement is recommended for this 

m ~ 

period, and after 6 weeks hand walking exercise can 
begin. Follow-up radiographs should be taken at that 
time; and if the healing is progressing normally, the horse 
can be turned out into a small paddock for an additional 
90 days. If the radiographic follow up shows good heal¬ 
ing, the horse can be placed on pasture or in a large 

S yaddock. The training schedule depends on the type of 
racture but could begin as early as 4 months or as late 
as 6 months. One study noted that horses were more 
likely to race if the fracture line could no longer be identi¬ 
fied on the 2- to 4-month radiographs. 1 

Screws arc generally not removed after healing has 
occurred unless residual lameness results that can be di¬ 
rectly attributed to their presence. In a review of 233 
cases of condylar fractures—most repaired by interfrag- 
mentary compression—screws were removed in only 20 
cases. There appeared to be no consistent difference in 
the performance between this group and the group with 
screws in place." The study noted that horses with screws 
placed closer to the joint had a lower rate of return to 
racing. Subchondral sclerosis was proposed as a cause 
for the pain. In general, removal of screws is not rou¬ 
tinely performed for condylar fractures, except if screws 
arc placed in the diaphysis as for medial condylar frac¬ 
tures of the metatarsus or for spiraling fractures. The 
screws can be easily removed with the horse under gen¬ 
eral anesthesia, and their location can be confirmed with 
marker needles and radiographs. In most cases, the 
screws can be removed through small stab incisions 
alone. 


Prognosis 

The general prognosis for athletic performance and 
return to racing is excellent for nondisplaced incomplete 
fractures, whether treated conservatively (82 and 87%, 
in two reports) 2,1 " or after internal fixation {74 and 
79%, in two reports) for forelimb fractures 2,17 and 93% 
for metatarsal fractures in one report. 2 Prognosis for ath¬ 
letic performance and return to racing is fair for com¬ 
plete displaced and nondisplaced fractures after internal 
fixation (58% in one report). 1 In two reports, 33% of 
horses with complete fractures (displaced and nondis¬ 
placed) 2 and 19% with displaced fractures 4 returned to 
racing. Rapid immobilization and repair of the displaced 
fractures probably dramatically affect outcome. In cases 
of complete displaced fractures, when there has been a 
delay in diagnosis and treatment, and/or when improper 
immobilization was selected, a guarded to poor prog¬ 
nosis can be expected. 11 Only 12 of 38 horses in one 
report were able to return to racing.” This prognosis 
is altered because of increased damage to the articular 
surface likely to result in DJD of the fetlock and irritation 
to the periosteum, resulting in increased callus forma¬ 
tion. The prognosis for return to racing is considered 
poor for comminuted fractures or when there are sub¬ 
chondral erosive lesions in the palmar or plantar surface 
of the distal end of the cannon bone." 
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FRACTURES OF THE THIRD 
METACARPAL/METATARSAL (CANNON) 
BONE 

Fractures of the third metacarpal/metatarsaI (cannon) 
bone occur at all ages, but more commonly in young 
horses, and in all breeds of horses. The metacarpus is 
particularly susceptible to fracture because of its distal 
location, and little soft tissue covers the bone to help 
absorb impact energy in blunt trauma.* 9 

Although fractures of the cannon bone can assume a 
variety of configurations, ranging from a simple fissure 
to severe comminution, younger horses seem to sustain 
simpler fractures than adults, possibly because of more 
elastic, less brittle, and less shatter-prone bone. The frac¬ 
ture can occur anywhere along the bone length and can 
enter either the proximal or distal joint. Frequently, dis- 
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Figure 6.224 A A Salter type II fracture in the distal metacarpus B Two bone screws were used to repair 

the fracture (Courtesy of A, S Turner.) 


tal fractures that involve the growth plate, or rarely per¬ 
sistent proximal physes, in young animals will he ot the 
Salter type M fractures (Fig. 8.224). n Also, because of the 
minimal soft tissue covering, the fractures are commonly 
open or become open soon after the injury occurs; and 
more than half of referred mctacarpaL/metatarsal frac¬ 
tures are open. 1 Concurrent fractures of the small meta¬ 
carpal bones are common. (See also “Fractures of the 
Small Metacarpal and Metatarsal (Splint) Bones and 
Periostitis,” “Fracture of the Dorsal Metacarpus" and 
“Periostitis and Fracture of the Dorsal Metacarpus” in 
this chapter). Once catastrophic failure occurs, fractures 
arc treated as discussed below. 


Causes 

External trauma in any form can cause this fracture. 
Injuries frequently reported by clients include kicks; hal¬ 
ter-breaking injuries; injuries associated with ground 
holes, fences, and cattlcguards; slipping accidents; slip¬ 
ping on ice; and accidents associated with moving vehi¬ 
cles. In foals, the cause is often the result of the dam 
having stepped on the limb. Propagation of stress frac¬ 
tures, particularly the more uncommon stress fractures, 
and propagation of forces through screw or pin holes 
from other repairs can result in similar complete cannon 
bone failure. Preexisting bone abnormalities are not typi¬ 


cally present, because the injury represents a singular 
overloading event on the metacarpus or metatarsus. 

Signs and Diagnosis 

Complete but non displaced fractures of the cannon 
bone secondary to direct trauma can occur and may be 
initially difficult to diagnose. The lameness may be non¬ 
specific and variable. On gross observation, the cannon 
bone may be slightly enlarged; and heat, swelling of the 
soft tissues overlying the fracture, and pain on deep digi¬ 
tal palpation are present. Swelling and pain are more 
diffuse than with stress fractures, and a wound at the 
site of impact is often present. Diagnosis may be delayed 
if soft tissue injury is evident, since the lameness may be 
attributed to this cause. As lameness persists or worsens, 
radiographs are usually raken, which may reveal fracture 
lines. If the horse is turned out, invariably complete bone 
failure occurs. If stall confinement is maintained, the di¬ 
agnosis is often made from the second radiograph, on 
which a periosteal reaction can noted at sites of cortical 
exit and bone resorption of the fracture line widens the 
fractures. 

In complete bone failure, the diagnosis of fracture of 
the cannon bone is obvious (Fig. 8.225). An angular limb 
deformity is present, along with a non-weight-hearing 
lameness. In all cases, these fractures should be immedi- 
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The preferred treatment for most cannon bone frac¬ 
tures is internal fixation with one or two dynamic 
compression plates (DCFs), extending the length of the 
bone, combined with individual screws where appropri¬ 
ate (Fig, 8.225). This technique is recommended even for 
open fractures, particularly if the wound is minor (e.g,, 
a puncture of the bone end through the skin) and the 
area was dipped, cleaned, and placed under an antiseptic 
wrap early in the process. 

It the fracture includes quite proximal or distal com¬ 
minution, severe comminution with extensive fissuring, 
extensive wounds, or vascular compromise, internal fix¬ 
ation alone is not the ideal method of repair; it may be 
necessary to include arthrodesis or external coaptation. 
Such severe fractures may heal with transfixation pins 
and external fixators or casts. These methods are more 
successful in foals, who undergo rapid healing and have 
low body weight. In adult horses, severe fractures have 
a guarded prognosis; but use of external coaptation, plat¬ 
ing in the face of open wounds and vascular compromise, 
or sequential procedures have been successful in rare in¬ 
stances. 

The basic principles of cannon bone fracture repair 
include the following: 

• Reconstruct the fracture into two fragments (usually 
with lag screws) before applying the plates. 

• Perform anatomic reduction of the fracture, particu¬ 
larly of the articular components. 

• Place the plates at a 90° angle to each other on the 
tension band side of the cannon bone (dorsal or dorso¬ 
lateral) and over the fragments. 

• Stagger the plates. 

• Fill all screw holes, if at all possible. 

• Use 5.5-mm screws in the mctaphyscs and adjacent 
to the fracture ends for maximal pullout and bending 
strength, respectively. 

• Lute the plates with antimicrobial-impregnated poly¬ 
mer h y I meth aery late. 

• Place autogenous bone graft in most cases. 

• Do not end the plates at the top of the cast. 

• Apply a cast for recovery and possibly longer. 

The surgical approach to the metacarpus and metatar¬ 
sus for bone plate application is through a flaplike inci¬ 
sion. The flap should be large enough to allow coverage 
of the plates, and the suture line should not be directly 
over the plates. Dissection deep within the subcutaneous 
tissue ensures a good blood supply to the skin flap. The 
long or common digital extensor tendon is divided to 
assist with coverage of the plate at closure. The perios¬ 
teum is incised and elevated so the bone plates can be 
placed in a subperiosteal fashion. 

Two plates are used, except in small neonates (Fig. 
8.225), Two narrow or one narrow and one broad DCP 
could be used in a foal or pony, depending on its size. 
Two broad DCPs are needed for most horses, even large 
weanlings and yearlings. The limiting factor is the size 
of the metacarpus and whether two broad plates can fit 
on the bone. In the classic metacarpal fracture with one 
large butterfly fragment, the fragment can he secured to 
the proximal bone with two 3.5-mm cortical bone 
screws. The heads of these screws are small and can be 
easily countersunk to allow placement under the plate if 
necessary. 


After the fracture is reconstructed into two pieces, it 
can be reduced by a combination of traction and tog¬ 
gling. Use of muscle paralytics can be extremely helpful 
in this process; 1 routinely use them about 30 minutes 
before and during reduction to speed up this process. 
Reduction of a fresh fracture should be close to perfect. 
Reduction of more chronic fractures may be less secure 
because of ebumation of the fracture ends; pulverization 
of smaller fragments, which produces gaps; and con¬ 
tracture, which can occur quite quickly. The goal is to 
achieve the best possible anatomic reduction to minimize 
the gap that the fracture callus has to bridge and to pro¬ 
duce tnc most intcrdigitacion for inherent stability. 

Once reduction is achieved, the plates are contoured. 
Usually one plate is placed dorsolateral and one dor- 
somedial, but combinations of dorsal and medial or dor¬ 
sal and lateral are acceptable and may be necessary, de¬ 
pending on the fracture configuration. If a screw must 
cross the fracture line, it is best to angle it perpendicular 
to the fracture and to place it in lag fashion. It is impor¬ 
tant that the screws in the first plate do not interfere with 
the screws placed in the second plate. 

Compression of the fracture may not be necessary if 
the reduction was difficult and once achieved, already 
compressed. Overcompression can displace the fracture. 
If a gap still exists, the DCP can be used to compress the 
fracture. First secure the plate to the most proximal 
bone, then secure the most distal screws on the distal 
bone. After all screws are placed, the plates can be loos¬ 
ened one at a time, and plate luting performed to fill the 
gaps under the plate and screw hearts. This increases the 
strength of the plate-screw construct by threefold. 1N 

If screws strip out in the process, 5.5- or 6.5-mm 
screws can be placed to regain construct strength. 21 Can¬ 
cellous screws (6.5 mm) will fit through the plate, but 
cannot be angled, which limits their application. Cannu- 
lated screws are not usually selected because of their 
lower pullout strength. 

After plate luting, autogenous bone graft, which 
should have already been harvested, is placed into any 
gaps and around the fracture site. Graft can be obtained 
from the sternum in horses in dorsal recumbency and 
the tuber coxae for horses in lateral recumbency. The 
graft is expected to increase bone density in the screw 
holes during healing. 4 ' 

The limb should be liberally lavaged and a radio- 
graphic image obtained to ensure appropriate repair and 
screw lengths. The incision should be rapidly closed to 
cover the plate securely, and a high half-limb cast is then 
applied. Suction drains are not usually used for metacar¬ 
pal fractures because the soft tissue dissection and hem¬ 
orrhage are not as great as with other long bone frac¬ 
tures, such as of the humerus or femur. 

If the fracture is stable and the animal is young or 
small, the cast can be removed in 10 to 14 pays after 
incisional healing is anticipated. Antimicrobials are dis¬ 
continued after hemorrhage is thought to have ceased 
(24 to 72 hours). Horses should be willing to use the 
cast within 72 hours postopera lively, if not immediately. 

Administration of morphine during general anesthe¬ 
sia provides 12 hours or more of analgesia and helps 
with the early postoperative pain. Use of phenylbutazone 
is typical, except in foals, in whom flunixin meglumine 
or ketoprofen is preferable or intramuscular ^-agonists 
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is applied with sufficient padding to lift and store any 
of the exudate that is formed. The carpus or tarsus is 
placed in slight flexion to reduce the axial compression 
and rotational forces, and a full-limb cast is applied with 
or without translation, depending on the duration of 
casting expected and consideration of interference with 
the planned internal fixation. Broad-spectrum antibiot¬ 
ics are begun and continued pending the results of the 
culture sensitivity. 

After 3 to 4 days, the cast is removed and the wound 
is examined. Deep samples for culture sensitivity are re¬ 
taken, further debridement and lavage may be performed 
if indicated, and a sterile bandage and cast are reapplied. 
Alteration in antibiotic therapy may be necessary if the 
results of sensitivity testing indicate it. Depending on the 
state of the wound, the cast is removed in 7 to 10 days 
and a final decision is made regarding the application of 
internal fixation. 

If the wound is clean, then internal fixation can be 
attempted. If on the other hand, the wound is obviously 
infected, euthanasia may be advised. This delay provides 
sufficient time to determine if infection will be a problem 
before committing the client to the expense of internal 
fixation. The delay also allows the process of autode- 
bridement to occur and minimizes the chances of local 
infection. If a place was applied at the time of injury, the 
chances of the spread of infection to surrounding tissues 
are increased. Although plates are relatively nonreactive 
stainless steel, they are still foreign material and do har¬ 
bor bacteria. This method may be successful in foals, but 
adults rarely survive. 

If the fracture line extends into the nutrient foramen 
of the cannon bone, attempt at repair may be futile as 
ischemic necrosis and sequestrum may result. 1 Serial use 
of nuclear scintigraphy can detect loss of cortical bone 
vascularity, but does not predict successful healing. In 
the two cases reported, one case revascularized. 14 

Prognosis 

The prognosis for successful treatment of third meta¬ 
carpal and metatarsal bone fractures depends on the na¬ 
ture of the injury, the type of fracture, where the fracture 
occurred, and whether it is opened or closed so an indi¬ 
vidual assessment of each case is warranted. In a study 
of 25 complete fractures of the metacarpal or metatarsal 
bones of horses that were treated, age, sex, weight, and 
limb did not affect outcome; but case selection had al¬ 
ready occurred. A total of 17 of 25 cases had an open 
fracture; non-union of an infected fracture was the most 
common cause of postoperative failure in 7 cases. In this 
study, 11 horses had no complications related to the sur¬ 
gical repair. 

In general, transverse, slightly oblique and mi nor] y 
comminuted (one butterfly fragment) fractures in the 
midcannon bone region in foals under 7 months of age 
have a good to excellent prognosis with internal fixation. 
Older horses with similar fractures would have a more 
guarded prognosis owing to their size and the risk of 
supporting limb laminins but, in general, have a fair to 
good prognosis. Older horses with open, comminuted 
or articular fractures have a guarded to poor prognosis 
for recovery. Unfortunately, older horses have a greater 


risk of comminuted open fractures that involve the nu* 
rrient foramen, 1 * 
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Treatment 

If the condition is identified by l month of age, perios¬ 
teal transection and stripping of the distal metacarpal/ 
tarsal growth plate and tne entire concave surface of the 
cannon bone helps correct the angulation and stimulate 
modeling of the cannon hone to fill in the concavity. If 
the metacarpal/metatarsal growth plate is closed, a 
wedge ostectomy and double plating can be performed 
to straighten the limb with a good prognosis. 2 

The ostectomy is performed on the convex surface. 
The exact site and degree of ostectomy are predicted 
from drawings made on acetate overlays over the DP 
view. Once the bone is exposed and the site for ostec¬ 
tomy is predicted, needles are placed and radiographs 
are taken for documentation. Ideally, the ostectomy 
should be made directly over the center of the pivot 
point. However, the nutrient foramen vascular supply 
should be avoided. The widest point of the ostectomy 
should be at the convex surface, and ideally no bone or 
little bone should be removed from the concave side. An 
oscillating saw is used to make the wedge, after which 
two hone plates are applied according to the AS1F princi¬ 
ples (Fig. 8.226). A cast or a Robert-Jones bandage is 
applied and removed 2 to 4 weeks after surgery. The 
bone plates can he removed later in a staggered fashion 
after complete radiographic healing is evident, if desired. 

Prognosis 

The prognosis is good because the procedure is elec¬ 
tive, the foals are young, and no initial bone and soft 
tissue trauma have occurred. 

Raftrtnces 

1. Stashak TS. Angular limb deformities associated with the diaphysis 
of the third metacarpal and metatarsal hones. En: Stashak TS, Ed. 
Adams' tameness in Horses, 4th ed Philadelphia; lata &: hebiger, 
1987,6 10-6 12 . 

2. White KK. Diaphyseal angular deformities in three foals. J Am Vet 
Med Assoc 198.1; 182:272. 


METACARPAL/METATARSAL EXOSTOSIS 
(SPLIMTS) 

Splints, a condition of young horses, most commonly 
affects the proximal medial aspect of the limb between 
the second and third metacarpal bones (Figs. 8.227 and 

8.228) . The condition is associated with training and 
subsequent injury between the small metacarpal s/meta¬ 
tarsal bones and cannon bone, resulting in inflammation 
or tearing of the inrerosseus ligament. Conformation ab¬ 
normalities, such as offset carpi, improper hoof care, and 
mineral imbalance mav exacerbate the condition (Fig. 

8.228) . 1,4 

The second and fourth metacarpal/metatarsal bones 
arc commonly called splint bones. Each is attached inti¬ 
mately to the respective third metacarpal or third meta¬ 
tarsal bone by an interosseous ligament, thus splinting 
the large bone. The splint hones articulate wirh the car¬ 
pometacarpal joint or tarsometatarsal joint and are ex¬ 
posed to loads on weight bearing. The intcrosseus liga- 



Figure 8.227 Medial splint in horse that was also affected by 
bench knees. 


ment consists of dense fibrous tissue that can tear with 
the strains applied during independent motion of the 
splint bones and the cannon bone. Initially, inflamma¬ 
tory desmitis and periostitis develop. Subsequently, new 
bone is produced that fuses the splints to the cannon 
bone and stabilizes the source of irritation (Fig. 8.227). 

The terminology used to identify the condition is vari¬ 
able. A true splint refers to a sprain or rear of the interos¬ 
seous ligament. The resultant enlargement is most fre¬ 
quently observed 6 to 7 cm below* the carpus on the 
medial side at the junction of the second and third meta¬ 
carpal bones (Fig. 8.227). The term “blind splint” refers 
to an inflammatory process of the interosseous ligament; 
it is difficult to detect on physical examination because 
the swelling occurs on the axial (inner) side of the splint, 
between the small metacarpal bone and the suspensory 
ligament. On radiographic examination, osteolysis be¬ 
tween the second and third metacarpal bones may be 
observed. Periostitis of the splint bones results from su¬ 
perficial trauma to the periosteum which, in turn, causes 
a proliferative periostitis (Fig. 8.227), Although a resid¬ 
ual blemish remains, the horse is usually not lame. A 
knee splint refers to the enlargement of" the proximal 
portion of the splint bone that may lead to osteoarthritis 
w r ithin the carpometacarpal joint. 

Causes 

The enlargement of the splint bones associated with 
this disease results from proliferation of fibrous tissue 
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Horses in which a subperiosteal removal of the exostosis 
was performed were sound at 12 weeks postoperatively. 

It is recommended that one retains the splint hone 
lever arm by reflecting the periosteum to prevent forma¬ 
tion of excessive new bone and associated irritation of 
the suspensory ligament. In some cases, it is necessary 
to surgically remove a bony exostosis that interferes with 
the action of the suspensory ligament or the carpal joint 
or that is large enough to be hit repeatedly by the oppo¬ 
site foot. These will require care in dissection of the prox¬ 
imal structures, including ligaments of the palmar carpal 
support. If the bone growth has been caused by trauma 
from interference, the surgery will not be successful un¬ 
less corrective shoeing or use of splint boots will stop 
the interference. 

Prognosis 

Prognosis is good to excellent for soundness, except 
for horses in w hich the exostosis is large and encroaches 
on the suspensory ligament or the carpal joint. Chronic 
recurring lameness can occur in horses that arc not rested 
long enough, which can be 5 or 6 months. Surgery to 
remove the excess hone callus can successfully alleviate 
lameness and recurrence does not occur in most cases. 
Surgery' may speed up the return to athletic soundness 
and improve blemish. 
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FRACTURES OF THE SMALL 
METACARPAL AND METATARSAL 
(SPLINT) BONES 

Fractures of the small metacarpal and metatarsal 
bones (splint bones) can occur anywhere along their 
length, but they are most commonly located at the distal 
third. 1 1 In most cases, fractures located at the dis¬ 

tal third are simple fractures (Fig. 8.230), in contrast to 
fractures of the middle and proximal portion, which are 
often complicated by comminution, osteomyelitis, and 
bone sequestration (Figs. 8.230 and 8.231 ). K,10,n 

Fractures of the distal part of a small metacarpal or 
metatarsal hone usually occur in older horses (5 to 7 
years of age) and only rarely occur in horses under 2 
years of age (Fig. 8.230)/ This is thought to occur as a 
result of decreased pliability in the interosseous ligament 
and the strenuous training programs in older horses. 1 In 
contrast, younger horses tend to sustain damage to the 



Figure 8.230 Fracture of the distal end of the splint bone. Note 
the chronic nonunion with ineffectual callous Most horses with this 
condition have concomitant suspensory ligament injury, 


interosseous ligament that supports the small metacarpal 
bones, resulting in splints. The forelimbs are more tre- 
quently involved than the hindlimbs, with the left fore- 
limb with the lateral splint being affected more com¬ 
monly in the Hindlimb. 1,11 The relationship between 
suspensory ligament desmitis, sesamoid iris, and fetlock 
arthritis or arthrosis is more than casual. It would appear 
the enlarged fihrotic suspensory ligament decreases the 
absorptive capacity of the fetlock and creates a space- 
occupying mass rhar may cause the fracture and then 
further displace the fractured small metacarpal bone. It 
is assumed that the decreased ability to extend the fetlock 
contributes to the arthrosis. 

Fractures of the proximal half of the small metacarpal 
or metatarsal bone are often comminuted, and osteo¬ 
myelitis with or without sequestrum is a complicating 
feature. The lateral surface of these bones is most fre¬ 
quently involved and it is thought to result from direct 
trauma (Figs. 8.231 and S.234). 2 ’ 8,10 

Causes 

Fractures of the distal part of the small metacarpal/ 
metatarsal bone result from external as well as internal 
trauma. F.xternal trauma can result from a kick from 
another horse, interference, direct blows from hitting an¬ 
other object, or puncture wounds. Internal trauma oc¬ 
curs from increased axial compression forces on these 
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Figure 8.231 A, Comminuted articular 
fracture of the head of the fourth 
metatarsal (splint) bone m a horse that 
was severely lame. 8. Postoperative view 
demonstrating complete extirpation of the 
fourth metatarsal bone. The horse 
became pasiure sound but was not 
sound for athletic use. 


I 


bones during races or from pressure from the suspensory 
ligament or increased tension from the fascial attach¬ 
ments. It is conjectured that the increased incidence of 
left fourth metacarpal bone and right second metacarpal 
bone fractures observed in Thoroughbreds may be the 
result of increased weight bearing on the bones when 
they are racing in a counterclockwise direction. In con¬ 
trast, the suspensory ligament and supporting fascia may 
put these bones under tension sufficient enough to cause 
fracture in the hindlimbs. ,,J * 5 ' 7 *' 1 Since there is an in¬ 
crease in incidence of left second metatarsal hone and 
right fourth metatarsal bone, which is the tension side 
of the hindlimb in horses that run counterclockwise, it 
is logical to assume that tension created by the bow¬ 
string effect of the suspensory ligament or increased ten¬ 
sion developed by the internal fascia may lead to frac¬ 
ture. 

It is difficult to decide whether the incidence of sus¬ 
pensory ligament desmitis is caused by the fractured 
small metacarpal/metatarsal bones, which may cause ir¬ 
ritation to the ligament, or if the swollen suspensory liga¬ 
ment becomes large enough to cause the fractures. 
Whichever the case, a higher incidence of suspensory lig¬ 
ament desmitis is noted in the forelimb in association 
with these fractures.’* i,s_ 7,11 

More complicated fractures of the proximal part of 
the small metacarpal/metatarsal bones result from direct 
trauma, either from interference or direct blows to the 
surface. These fractures are often open initially, which 
frequently results in osteomyelitis. In some cases, there 
is no break in the skin initially, hut the comminuted frac¬ 


tures become sequestered and result in recurrent draining 
tracts. 


On visual observation, swelling is usually a prominent 
feature of a proximal splint fracture, but it may not be 
present with a distal splint fracture. In general, the degree 
of swelling associated with the distal splint fracture de¬ 
pends on the acuteness of the fracture. The more acute 
the fracture, rhe more swelling. Associated swelling in 
the suspensory ligament as well as the fetlock joint may 
also be observed. 

In the acute case, in both instances, horses will fre¬ 
quently point their foot. Trotting exercises may or may 
not cause lameness, but this totally depends on the acute¬ 
ness and type of fracture that has resulted. Circling or 
fast work may be required to cause sufficient lameness 
to be observed. 

On palpation, obvious features of an acute fracture 
are heat, pain, and swelling; in some cases, draining 
tracts will also be present. The pain and heat decrease 
with time. However, because callus formation is a fre¬ 
quent sequela to the nonsurgically treated fracture, the 
fracture site will eventually become enlarged. When only 
mild pain is evidenced on palpation yet the horse is quite 
lame, the limiting factors tor this horse to resume perfor¬ 
mance may be associated with suspensory ligament des¬ 
mitis or fetlock a^th^osis. , ’ 1 • < "* , • l 1 To gain a full apprecia¬ 
tion of the involvement of the small metacarpal/ 
metatarsal bone, rhe limb is flexed so the full extent of 


Signs 
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the bone can be palpated. A thorough physical examina¬ 
tion of the suspensory ligament should follow as well. 

Diagnosis 

A persistent swelling over the affected splint bone that 
exhibits heat and pain when pressure is applied should 
lead one to suspect fractured splint bone. Some fractured 
splint bones closely resemble the disease called splints. 
Some such fractures heal, but the bony swelling can be 
confused with splints. Radiographs are necessary for a 
positive diagnosis of a fractured splint bone and to differ¬ 
entiate among it, splints, and other soft tissue injury (Fig. 
8.229). Direct infiltration anesthesia of the fractured 
small metacarpal/meta tarsal may be used when there is 
a concomitant suspensory ligament desmitis or fetlock 
arthrosis. This approach helps define the contribution 
the fractured splint has in the lameness. This is particu¬ 
larly important in cases in which minimal pain is elicited 
on deep palpation of the bone but the horse is quite lame. 

Radiographs should be taken in all cases to identify 
the fracture and its limits and to determine if sequestra¬ 
tion and osteomyelitis exist in association w ith a compli¬ 
cated fracture (Fig. 8.233). Proximal fractures may ex¬ 
tend toward or into the carpometacarpal joint (Figs. 
8.231, 8.232, 8.234, 8.236 to 8.240). 

Treatment 

Small distal fractures of the splint bones are tradition¬ 
ally treated by removal of the distal fragment of the frac- 



Figure 8.233 A sequestrum of me second metacarpal bone, 

which can be treated by surgical excision alone, without removal 
of the remaining distal segment of the small metacarpal bone 
(Courtesy ol T. S Stashak) 



Figure 8.232 Healed comminuted fracture of the proximal fourth metacarpal bone This type of fracture usually requires 

second metacarpal bone (medial splint bone) in which me proximal internal fixation wilh a bone screw to hold it in place. (Courtesy of 

fragment was secured with a screw during uninterrupted healing of T. S. Stashak.) 
the fracture. 
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Figure 8.235 This proximal comminuted fracture of the fourth 
metatarsal bone was managed successfully by placing a full-limb 
cast for 4 weeks and then a support wrap for another 2 weeks. 
Free exercise was begun at 3 months. (Courtesy of T. S. 
Stashak) 



Figure 8.237 Internal fixation of the proximal comminuted 
fracture shown in Figure B.234 (Courtesy ol T. S Stashak.) 



Figure 8.236 Fracture of the proximal end of the second 
metacarpal bone. (Courtesy of T. S Stashak) 



Figure 8.238 Avulsion ol the proximal part of the fourth 
metacarpal bone after the distal end had been surgically excised. 
(Courtesy ol T S. Stashak.) 
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Figure 8.241 Lateral view of the carpus and proximal 
metacarpus A saucer-shaped avulsion fracture (arrow) of the 
attachment of the suspensory ligament is present on the palmar 
aspect of the proximal end of the third metacarpal bone (Courtesy 
of T. S. Stashak.) 



Figure 8.242 The attachments of the suspensory ligament at 
the proximal palmar surface of the third metacarpal bone 
(Courtesy of T. S. Stashak.) 


common. 5 * 10 It can be caused by a proximal suspensory 
ligament desmitis, torn Sharpev's fibers at the origin of 
the suspensory' ligament, or an avulsion fracture of the 
origin of the suspensory ligament. Horses with high 
proximal suspensory ligament desmitis and an acute tear 
of Sharpey’s fibers may present with similar signs as 
those described for blind splint and desmitis of the carpal 
(inferior) check ligament. 

In chronic cases of tearing at the origin of the suspen¬ 
sory ligament, radiographic evidence of bone resorption 
and surrounding sclerosis can be noted. With an avulsion 
fracture of the origin of the suspensory ligament either 
the lateral or medial branch may be involved in one or 
both limbs and are likely seen on radiographs or as a 
displaced piece of bone on ultrasound (Fig. 8.241), This 
lameness most frequently occurs in Standardhreds, hunt¬ 
ers and jumpers, and polo ponies; but other breeds are 
affected as well. 10 


Causes 

The suspensory ligament is primarily made up of 
dense white fibrous connecrive tissue. Proximally, the 
body of the suspensory ligament separates and attaches 
into two palmar depressions just distal to the carpometa¬ 
carpal joint (Fig. 8,242). Overloading of the suspensory 
ligament may cause sprain trauma to any portion of the 
ligament, but origin injuries arc seen more commonly in 
sport horses. Hyperextension of the carpus in conjunc¬ 
tion with severe overextension of the metacarpopha¬ 
langeal joint has been proposed to cause this lesion. Ob¬ 


viously, the more severe the sprain trauma, the more 
severe the lesion. Working horses in deep, soft arenas or 
in eventing where there is excessive rotational movement 
of the limbs may be at greater risk. 


Signs 

Most horses with proximal suspensory' ligament des¬ 
mitis present with a nistory of intermittent lameness of 
several days’ or weeks’ duration that is exacerbated by 
resumed exercise. The onset may he acute or insidious. 
Generally, only in acute cases can heat and swelling be 
palpable on the proximal aspect of the limb (medial or 
lateral). In chronic, intermittent cases, physical findings 
are less obvious or may not be present to assist with a 
diagnosis. However, slight proximal swelling may be felt 
on the medial side between the suspensory ligament and 
deep digital flexor tendon in some cases. 11 In addition, 
firm digital pressure overlying the proximal suspensory 
ligament in these cases will usually elicit a nonfatigahle 
painful response (Fig. 8.243). The lameness is generally 
mild to moderate (I to 2 + /5) at a trot, and may be 
more obvious when the horse is circled at a trot with the 
affected limb on the outside of the circle. Lower limb 
flexion exacerbates 50% of forelimb origin of suspen¬ 
sory lamenesses and hock flexion exacerbates 85% of 
hindtimb origin of suspensory lamenesses. 4 

Horses with torn Sharpey’s fibers at the origin of the 
suspensory ligament or avulsion fractures most fre¬ 
quently present with a history of acute onset of moderate 
to severe lameness. Horses sustaining a fracture of the 
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poor definition of margins, central or peripheral hypo- 
echoic areas, diffuse reduction in echogenicity, hypere- 
chogenic foci, and irregularity of the plantar cortex of 
the third metatarsal bone (entheseophyte formation). 1 
Normally, the suspensory ligament is the most echodense 
structure in the palmar-plantar metacarpus/metatar¬ 
sus. u Comparison to the contralateral limb should be 
performed, but the disease condition is bilateral in 18% 
of horses, ' so standardized normals should also be used. 

Nuclear scintigraphy is reportedly a highly sensitive 
(100%) but only fairly specific 141 %) test for the detec¬ 
tion of high suspensory injury/ In 21 horses in which 
nuclear scintigraphy was performed as part of the diag¬ 
nosis of proximal suspensory injury, all revealed in¬ 
creased uptake of radiolabel. Only 67% of horses radio¬ 
graphed nad an identified lesion (86% in hindsight). 
However, although scintigraphy was sensitive in identi¬ 
fying inflammation of the proximal aspect of the 
metacarpal/metatarsal region, no specific diagnosis of 
suspensory injury could be made without concurrent ra¬ 
diography. In comparison to horses with increased ra¬ 
diolabel uptake in a similar region without a diagnosis 
of high suspensory injury, the specificity of scintigraphy 
was 41%. Scintigraphy can help locate the suspensory 
ligament as a possible problem area and offers an advan¬ 
tage over direct infiltration of local anesthetic in that it 
does not affect the ultrasound image. Ultrasound and 
radiographic examination of the region should follow to 
document and specify the type of injury. 

Treatment 

Treatment for horses with a structural abnormality 
on ultrasound and on radiography consists of box-stall 
rest for 2 months followed by repeat ultrasound. Hand 
walking for 15 minutes twice daily for the first 4 weeks 
and for 20 minutes twice daily for the last 4 weeks can 
be performed 4 if the horses are sound at the walk, the 
origin lesion is not greater than 50% of the cross-sec¬ 
tional area, and straight hindlimb conformation is not 
present in a hindlimb injury. Trotting can begin after 8 
weeks if the lesion is reasonably improved on ultrasound 
and the horse is sound at the trot in hand. A slow and 
controlled (saddle) or rein lunging exercise program can 
continue until 16 weeks, when another ultrasound is per¬ 
formed. If soundness has persisted and the lesion appears 
healed after 16 weeks, the horse’s exercise can increase. 
Total healing time is about 8 months, and return to full 
competitive performance may not be possible for 1 year. 

Recurrence of injury is greater in horses that have 
been inadequately rested. Balancing the foot, shoeing 
with egg bars, and using sport fetlock support bandages 
can improve the flexor surface support. Phenylbutazone 
is recommended for its anti-inflammatory effect. If pain 
returns after exercise has begun, a more prolonged con¬ 
valescent period is required. The direct infiltration of 
corticosteroids into the site is not recommended, because 
it may delay the healing process. Use of oral glycosami- 
noglycans—systemic polysulfated glycosaminoglycans 
or systemic hyaluronic acid—may have some benefit, 
although unproven. Use of internal blisters, intralesional 
steroids, and mineralizing agents are contraindicated. 


Prognosis 

The prognosis is good (greater than 80%) for return 
to full work in sport horses with forelimb proximal sus¬ 
pensory ligament desmitis after 3 to 6 months’ rest and 
controlled exercise.' 1,10 For hindlimb lameness, only 
14% of horses returned to full athletic function without 
detectable lameness in one study. 2 The presence of up¬ 
right hindlimb (straight hock) conformation is overre¬ 
presented in horses with hindlimb suspensory injury and 
may predispose the suspensory ligament to injury and 
recurrence; hence the poor success for permanent resolu¬ 
tion of soundness. Another proposed reason for the poor 

J prognosis associated with hindlimb proximal suspensory 
igament desmitis is the development of a compartmcntal 
syndrome, resulting from the limited space available be¬ 
tween the prominent splint hones that the inflamed sus¬ 
pensory ligament has to expand into/ 

Recurrence of proximal suspensory ligament desmitis 
also relates to use. In one study, dressage and show jump¬ 
ing horses had the highest recurrence rate (37% and 
46%, respectively) compared to racehorses (27%), show 
hunters (19%), and field hunters (18%). 1 The larger the 
suspensory ligament lesion the greater the chance of re¬ 
currence. Generally, the recurrence of proximal suspen¬ 
sory ligament desmitis 1 year after successful treatment 
is low, hut when it does occur the prognosis was guarded 
for return to performance. The prognosis is also reduced 
when proximal suspensory ligament desmitis is associ¬ 
ated with other lesions, such as tendinitis of the superfi¬ 
cial and deep digital flexor tendons or desmitis of the 
radial check ligament/ 

The prognosis for avulsion fracture associated with 
the origin of the suspensory ligament appears good for 
uneventful recovery and return to full work after 3 to 6 
months* rest and controlled exercise. A good blood sup¬ 
ply is thought to be the reason that these fractures heal 
so readily. 
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This condition may represent an abnormality of endo¬ 
chondral ossification of the growth plates and the cuboi- 
dal bones during growth. Factors such as age (usually 3 
to 6 months), size (heavy body weight), nutrition (high- 
energy diets), mineral balance (low copper, low calcium 
with high phosphorus), and sex (males more common 
than females) are known to be associated with the condi¬ 
tion. Genetic predisposition, exercise, foot care, and nu¬ 
tritional factors are suspected of influencing the develop¬ 
ment of the condition. 

The underlying growth disturbance is asymmetric 
growth of the physes and cuboidal hones and, ro a lesser 
degree, the small metacarpaL/metatarsaI bones. The lon¬ 
gitudinal growth of the metaphysis of the long hones 
occurs at the physes and, ro a lesser degree, at the epi¬ 
physis. This process of bone formation during growth 
is termed endochondral ossification „ because a cartilage 
model is replaced by bone. A number of factors can alter 
or arrest endochondral ossification (see Chapters 5 and 
6). Of the many factors that can influence endochondral 
ossification, compression trauma may be particularly 
important in the asymmetric growth seen in ALDs. Axial 
compressive forces that are within physiologic (normal) 
limits stimulate the growth and mineralization process. 
Excessive forces (nonphysiologic or abnormal compres¬ 
sive forces) can suppress or arrest the development of 
cartilage models to bone, which in turn causes a reduc¬ 
tion in longitudinal bone growth. 

It is proposed that nonphysiologic compressive forces 
may cause microfractures of the newly formed trabecular 
bone and may alter the blood supply sufficiently at the 
zone of provisional calcification (transition zone be¬ 
tween cartilage and bone) to result in defective endo¬ 
chondral ossification. s An underlying abnormality in the 
process of endochondral ossification may he present in 
foals that develop ALDs and other developmental or¬ 
thopedic diseases, such as osteochondrosis. ' This risk 
factor may be partially inherited and may predispose 
such foals to the condition after exposure to lower envi¬ 
ronmental (nutrition) and mechanical stresses (body 
weight, exercise) than a normal foal. The asymmetry of 
the limb is noted during the most rapid growth phase 
for that foal, because any disturbance in growth is 
projected at that time. 

For example, in a valgus deformity of the carpus re¬ 
sulting from asymmetric growth in the distal radial me¬ 
taphysis, the concave side (lateral) will be under grearer 
axial compression than the convex side (medial). In this 
case, there is an asymmetric axial compressive loading 
of the lateral aspect of the growth plate. If it is within 
physiologic limits, the lateral side of the growth plate 
will be stimulated to grow more rapidly than the medial 
side, and the limb will straighten on its own. However, 
if the compressive forces are nonphysiologic, the growth 
from the lateral side (concave) will be reduced or ar¬ 
rested, and the ALD will remain static or worsen. The 
more asymmetric the compressive forces, the worse the 
angular deformity, 

I'or congenital ALDs, it is postulated that incomplete 
ossification of the cuboidal bones and/or small metacar¬ 
pal bones increase the angular deformity caused by alter¬ 
ations in endochondral ossification by contributing to 
asymmetric loading from compression and collapse of 
the cartilage model on one side. For developmental angu¬ 


lar carpal deformities, asymmetric compressive forces 
contribute to the defective endochondral ossification on 
the lateral side of the distal radial metaphysis. Asymmet¬ 
ric loading that leads to compression can be exacerbated 
by a severe angular deformity caused by carpal bone hy¬ 
poplasia and joint laxity.* 


Congenital Angular Limb Deformity 

Congenital angular deformities of the carpus may be 
the caused by intrauterine malposition, overnutrition of 
the mare in the latter half of pregnancy, joint laxity, 
defective endochondral ossification (hypoplasia) of the 
cuboidal bones, or ma(development of the second and 
fourth metacarpal bones. Toxic chemicals and other 
poorly understood mechanical and endocrine influences 
may also have an effect. 2 '* J Intrauterine malposition 
or stagnant position may cause the ALD by restricting 
normal movement and growth. Overweight brood mares 
may be prone, 15 

Foals fed a low-copper diet (7 ppm) were compared 
to foals fed a higher-copper diet (30 ppm); in the former 
group, angular limb deformities were a feature of the 
developmental disease. 1 * Foals with hypothyroids (con¬ 
genital hyperplastic goiter) show a significant delay in 
endochondral ossification of the cuboidal bones in utero 
and can be born with a chondrodystrophic phenotype 
rhat includes carpal valgus and cuboidal bone collapse. 
In areas with low-iodine soil, pregnant marcs should 
have access to iodized salt blocks. 1 *’ 

Medial to lateral carpal joint laxity is present ro a 
minor degree in normal foals, evidenced by a slight 
knock-kneed appearance (less than 5°) that worsens with 
fatigue. Normal exercise (paddock) rapidly develops the 
forearm muscles and carpal ligaments, improving the 
support to the joints. In some foals, the degree of laxity 
is excessive (more than 5°) and can become painful with 
fatigue, encouraging the foal to lay down. Excessive lax¬ 
ity is associated with dysmaturity, as mentioned earlier. 
Radiographs often demonstrate a delay in endochondral 
ossification for the gestational or birrn age. 24 Stall con¬ 
finement is recommended to limit the asymmetric load¬ 
ing of the hones and growth plate, which may contribute 
to progression of the deformity. 

In ponies or miniature horses, a complete fibula and 
ulna may be present and is associated with severe carpus 
and tarsus valgus, noted at birth and worsening with 
growth. Surgery to release the lateral bony column is 
critical for arresting the deformity, because surgery to 
stimulate growth (periosteal elevation) alone is not suc¬ 
cessful (discussed below). 21 


Acquired Angular Limb Deformity 

Foals with acquired ALDs are bom with relatively 
straight limbs that begin to deviate within the first few 
weeks or months of lire. Factors that are associated with 
the condition include an unrecognized subtle congenital 
ALD, a growth plate injury, excessive contralateral limb 
weight hearing, ovemutrition, improper trimming, ex¬ 
cessive exercise, primary asymmetric growth of the distal 
radial metaphysis or distal radial epiphysis, and poor 
conformation. 
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Direct trauma to the distal radial physis (growth 
plate) can result in ALD and produce an asynchronous 
longitudinal growth. If the damage is severe, premature 
closure may occur on one side or progress across the 
entire growth plate.* This can lead to an irreversible de¬ 
formity if the closure is asymmetric or a total loss in limb 
length if the entire growth plate is involved. The degree 
of alteration depends on the age of the horse at the time 
of injury and which growth plate is affected. The distal 
radial growth plate begins to decrease significantly the 
rare of growth after In months of age and contributes 
75% of the limb length. The distal metacarpal/metatar¬ 
sal growth plate begins to decrease significantly the rate 
of growth after 90 days and contributes about 5% of 
limb length.'' An injury (fracture) that symmetrically in¬ 
volves the distal radius or distal tibial physis in a young 
foal has the potential to produce the most severe perma¬ 
nent AI.D. 

ALD (usually carpus varus) can occur secondary to 
excessive contralateral limb weight bearing in a lame 
foal. Rapid treatment of the primary problem to distrib¬ 
ute limb loading more evenly is critical to prevent pro¬ 
gression. Casts and splints can help support the collateral 
ligaments of the sound limb, but they do not usually 
produce a normal limb and have secondary complica¬ 
tions. If progression can be arrested and the horse is a 
yearling or younger, surgical techniques can be used to 
help correct the deformity. 

Overnutrition (a high-energy diet) and imbalanced 
nutrition may be associated with developmental AI.Ds. 
The increased body weight from overnutrition results 
in an increased compressive force, which, if an angular 
deformity is present, may lead to greater asymmetric 
compressive forces. Nutrient and mineral imbalances 
may alter the endochondral ossification process and, 
combined with other factors, make the cartilage more 
susceptible to asymmetric growth. The genetic predispo¬ 
sition to difficulties with the endochondral ossification 
process and the response to paracrine and endocrine fac¬ 
tors may create risk. Deficiencies in trace minerals, cop¬ 
per in particular, has been associated with ALD defor¬ 
mity-endemic farms; the problems resolved after 
increasing copper in the diet. Commercial feeds now con¬ 
tain adequate amounts of copper for normal matura- 


Signs and Diagnosis 

A history should be obtained to answer questions 
about the foal’s prematurity at birth, the age at which 
the deformity was noticed, the diet of the foal and mare, 
the course and rate of progression of the deformity, and 
am preceding lameness. 

Foals should be evaluated on a flat, firm surface while 
relaxed. At the moment when the limbs are placed next 
to one another, an imaginary plumb line should visually 
bisect the limb from both the front and the side. Sites of 
rotation, angulation, and flexural deformity should be 
recorded. The degree of deformity should be estimated 
for each joint of origin of a deformity; the degree may 
be estimated with a goniometer, if available. I he degree 
of deformity' measured on the foal may be more accurate 
than that measured on a radiograph because radiographs 


may be made under sedation or w ithout the limb axially 
aligned. 

All deformities should he recorded and discussed with 
the owner at the time of the examination. The foal 
should be walked and trotted to determine soundness 
and any other gait abnormalities that may coexist. Foals 
with an ADL are usually not lame, unless physitis or an 
other unrelated condition exists, which should be investi¬ 
gated. Foals with carpal laxity may appear normal at 
rest and dramatically worsen with exercise. Joints should 
be palpated for effusion (possible concomitant osteo¬ 
chondrosis); and growth plates should be assessed for 
heat, pain on pressure, and swelling (indicating trauma, 
physitis, or a septic focus). 

In carpal deformities in particular, manipulation of 
the distal limb can locate instability of the carpus and 
determine if the deformity can be reduced to normal po¬ 
sition. Reducible deformities are treated differently from 
nonreducible deformities and are usually part the dysma¬ 
ture foal complex. Rarely, a cranial-to-caudal laxity can 
be appreciated with collapsed or subluxated carpal 
bones.'’ Conversely, the distal limb is nonreducible in 
deformities caused by asymmetric growth of the distal 
radial metaphysis and alterations of the distal radial epi¬ 
physis. 

A radiographic examination of the carpus is recom¬ 
mended to ensure that the bone structure is norma) and 
developed. The angle of deviation and the pivot point 
can be calculated from the radiographs if long plates 
were used and an adequate length of the long bones on 
either side of the joint were included in the study, A 
goniometer is used to draw a line that bisects the radius 
and one that bisects the third metacarpus; the lines are 
extended until they intersect. The location of intersection 
within the carpus and the angle at which they meet are 
recorded. Rarely, arthritis of the joints, significant bony 
malformation, or osteochondrosis is identified, altering 
the prognosis. 

Radiographs should be obtained on long plates and 
should include era mo-caudal and lateral views. Typical 
radiographic findings for the carpus include metaphyseal 
flaring, asymmetric widening of the growth plate, scle¬ 
rosis of the growth plate on the concave side, physeal 
widening on the convex side, wedging of the epiphysis, 
wedging of the carpal bones (particularly of the third 
carpal), distal displacement of the ulnar carpal bone, and 
distal displacement or increased angulation to the head 
of the lateral splint bone (the fourth metacarpal). 5 These 
findings do not adversely affect prognosis for most car¬ 
pal deformities, including moderate to severe deformi¬ 
ties. 

Evidence of arthritis (more common with carpal varus 
deformities), chip fracture, traumatic growth plate injury 
(fracture), or septic osteomyelitis potentially decreases 
the prognosis for cither correcting the deformity or for 
soundness. In neonates, the degree of mineralization (os¬ 
teogenesis) depends on gestational length and fetal age. 
Typically, radiographs of neonates demonstrate mineral¬ 
ization beginning centrally in all cuboida) bones. The 
extent of osteogenesis in normal fetuses (70 to 340 days 
of gestation) to birth has been reported/ 4 and a stan¬ 
dardized skeletal ossification index is available for pre¬ 
mature and small for gestational age foals. 1 These esti¬ 
mates can be used for comparison to a neonate to 
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Figure 8.248 Front view of the distal radius carpus. Stippling 
indicates problem areas. A. The pivot point is centered over the 
physts. which is caused by asynchronous growth of the distal 
radial metaphysis. B. The pivot point is centered over the distal 
epiphysis of the radius, which is caused by wedging of the 
epiphysis. C. The pivot point is centered over the carpal joints. 


document delay in endochondral ossification at birth. In 
dysmaturc foals, the endochondral ossification process 
is delayed and the bones are undcrmineralized for the 
gestational or birth age (Fig. 8.248). Some foals with 
congenital carpal and tarsal angular deformity may have 
no evidence of osteogenesis of the cuboidal bones or 
proximal metacarpus on radiographs. This indicates that 
the cuboidal bones are composed exclusively of cartilage, 
which is unlikely to withstand much axial loading. In 
addition, asymmerric loading (angular deformity) will 
put the carpus at risk of developing malformations as 


B 



which is caused by wedging of the third carpal bone and 
hypoplasia of the fourth carpal bone. O. The pivot point is centered 
over the distal carpal joints, which is caused by incomplete 
development of tie lateral small metacarpal bone. (Courtesy of 
T. S. Stashak.) 


the bones mineralize. Reestablishment of axial loading 
in these foals during the mineralization process (7 to 10 
da vs of age) is critical. 

The degree and components contributing to the defor¬ 
mity can be estimated from the degree of angulation and 
the location of the pivot point, respectively. A mild de¬ 
formity is considered to be between 5 and 10°; a moder¬ 
ate deformity, between 15 and 25°; and severe deformity, 
greater than 25°. Today’s owners and veterinarians are 
well educated in the signs and treatment plan; thus most 
foals are corrected while they still have a mild or moder- 




Copyrighted material 





Chapter 8 Lameness 835 



Figure 8.249 A valgus deformity Note the irregular width of 
the growth plaie. the wedging of the epiphysis and third carpal 
bone, and the hypoplasia of the fourth carpal bone and small 
(fourth) metacarpal bone. The lateral cortex of the diaphysis of the 
radius is thicker than the medial cortex, (Courtesy of T S. 
Stashak,) 


ate deformity. It is now uncommon to sec a severe ac¬ 
quired carpal ALL"). The location of the pivot point re¬ 
veals the anatomic structures contributing to the 
deformity. It the point is at the physis, the physis is likely 
the sole or principal site of the abnormality (Fig. 8.248). 
Usually, the intersection is in the epiphysis or within the 
proximal carpal bones, indicating that the epiphysis or 
carpal bones, respectively, are probably contributing to 
the deformity {Figs. 8,248B, 8.249, and 8.250). Altera¬ 
tions in the development of the second and fourth meta¬ 
carpal bones shift the pivot point in a distal direction 

(Fig. 8.248D), 5A21 

Treatment 

Correction of the ALD is desirable for improving the 
conformational defect and preventing secondary' degen¬ 
erative changes that may result from abnormal biome¬ 
chanical stresses on the deviated limb. This is particularly 
true of the fetlock joint, which tolerates lirtle angular 
deviation without developing degenerative joint disease 
(DJD). Carpal deformities less chan 4° are not generally 
associated with lameness or carpal arthritis, and treat¬ 
ment is optional. Rotational deformities are usually not 
corrected by the standard surgical procedures for ALD, 
and it is important that the owner be aware of this to 
avoid disappointment with the surgery. Careful distinc¬ 
tion between angular and rotational deformities is neces¬ 
sary to estimate the final outcome of limb alignment 



Figure 8.250 Subluxation and collapse of the fourth carpal 
bon© The proximal aspect of the fourth metacarpal bone is also 
affected (Courtesy of T. S Stashak,) 


treatment. Correction of the angular deformity of a car¬ 
pal valgus dramatically improves the appearance of a 
rotational deformity by pulling the limb back under the 
foal’s body, but the degree of torsion will likely be the 
same. Trimming the hoof level and applying square-toe 
shoes may help maintain a straight breakover and im¬ 
prove or prevent progression of rotation. 

Therapeutic options depend on the clinical syndrome. 
For congenital carpal angular deformity that is reducible, 
treatment includes stall confinement; many ALDs of the 
carpus will self-correct. Confinement is recommended 
because foals make every attempt to stay with the marcs 
while they are on pasture. This active exercise increases 
the axial compressive forces to the growth plate, remod¬ 
eling epiphysis, or cuhoidal bones, which may result in 
delayed or asynchronous growth. Stall confinement 
helps decrease the trauma to these regions. Corrective 
hoof trimming (removal of the high side of rhe hoof wall) 
brings the foot hack into balance. 2 ' 

With carpus valgus, the medial side of the hoof wall 
is w r orn excessively (lower) and the lateral side of the 
hoof wall requires trimming to bring the hoof back into 
balance. Excessive trimming to correct the ALD should 
be avoided, because it may result in an ALD of the fetlock 
(see Chapter 9). Typically, these foals also have a ten¬ 
dency to break over the dorsomcdial surface of the hoof 
wall. Therefore, squaring or rounding off of the toes by 
rasping them down to the white line helps force a break 
over to the central dorsal (front) part of the hoof wall. 23 
Nutritional management should include good-quality al¬ 
falfa, with a free-choice mineral block and restriction of 
concentrates (see Chapter 5). 
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If the deformity does not correct within 2 or 5 weeks, 
if it is moderate to severe, or if the cuhoidal hones are 
poorly mineralized on radiographs, axial alignment of 
rhe limb with tube casts or splinrs during the cuhoidal 
bone mineralization process (7 to 10 days of age) is indi¬ 
cated. In most cases, general anesthesia is used. A combi¬ 
nation of plaster cast or foam cast padding and fiberglass 
cast material is applied from the proximal radius to the 
distal metacarpus. The fetlock and foot are left exposed 
so that normal axial weight bearing can occur. This cast¬ 
ing technique provides rigid support to the carpus with¬ 
out promoting osteoporosis, muscle atrophy, and tendon 
laxity, associated with full-limb casting techniques, par¬ 
ticularly in foals. While the foal is anesthetized, a double 
layer of stockinette is applied to the limb from the foot 
to the elbow. Orthopedic felt is used for cast padding, 
and it is applied to the distal metacarpus and proximal 
forearm. Some clinicians like to pad the carpal region as 
well. With the limb placed under traction to reduce the 
angular deformity*, tw r o rolls of plaster material are ap¬ 
plied in a spiral fashion from the proximal forearm to 
the distal metacarpus. 

The limb must remain stable without applied pressure- 
while the plaster dries. Once the plaster nas cured, two 
to three rolls of fiberglass cast material arc applied. After 
it is set, the stockinet is rolled over the proximal and 
disral ends of the cast, and each layer (inner and outer) 
is taped separately to the cast (Fig. 8.251). The proximal 



Figure 8.251 Front view o( sleeve casts applied to both 
(orelimbs. (Courtesy of T, S, Stashak .) 


and distal openings in the cast arc covered w ith elastic 
tape to prevent any debris from entering the top or bot¬ 
tom of the cast. The combination of the plaster cast and 
fiberglass rape provides rhe best of both materials: The 
plaster casting material molds nicely to the limb, and the 
fiberglass tape is extremely strong and lightweight. 

If casts are applied to both limbs, a sling strap can be 
incorporated into the proximal lateral surface of both 
casts. The strap fits over the withers and prevents the 
cast from slipping distad. t his can also be done with a 
single limb cast. The outer strap is incorporated in the 
lateral surface, then runs over the back and is positioned 
behind the axilla of the opposite limb, and finally at¬ 
taches to the proximal medial side of the cast. The at¬ 
tachment of the strap is best done after the foal has 
recovered and is standing. This aliow r s for rhe best adjust¬ 
ment. The ncw r er, lighter materials do not require straps. 

The foal and mare should be kept in stall confinement. 
The cast is removed in I to 2 weeks, and thorough physi¬ 
cal and radiographic examinations of the limb are then 
performed. Usually, maturation of rhe undermineralized 
carpal bones and stabilization of soft tissues occur in 
1 to 2 weeks; only rarely will another cast have to he 
applied. 

Alternatively, splints and braces can be used, but cast 
sores arc common scquclla.“ Bandaging and splinting 
often results in more cost and labor. And slippage of the 
bandage causes inconsistent treatment (Fig. 8.252). 

In foals with irreducible carpal ALDs (congenital or 
acquired), surgery to correct the deformity is usually se¬ 
lected. If the deformity is mild and the foal is heavy and 
creep fed, adjusting the diet and reducing body weight 
may help, but most such foals will not fully correct. Mild 
deformities in 2- to 3-month-old foals and moderate to 
severe deformities should be corrected with surgery. 

Surgical Techniques 

Hemicircumferential Transection of the Periosteum 
and Periosteal Elevation 

The preferred surgical technique to correct angular 
deformities in foals is periosteal transection and eleva¬ 
tion (periosteal stripping). This procedure is performed 
on the concave side of the metaphysis. The periosteum is 
hemicircuinferentially transected parallel to the growth 
plate, and the proximal periosteum is elevated to ensure 
physical separation. The hemicircumferential transec¬ 
tion and periosteal stripping stimulate endochondral os¬ 
sification on that side. 1 Mechanical release of the peri¬ 
osteal cuff restraint on the growth plate has been 
proposed and is the mechanism for enhanced growth. 

This surgery is preferred because it is simple, quick, 
requires little instrumentation, has a low complication 
rate and high success rate, and is cosmetic. 3,6 A small 
(1- to 2-cm) skin incision is made just proximal to the 
growth plate on the concave (shorter) side of the limb, 
just caudal to the most abaxia) edge of the radius. The 
growth plate is assumed to the widest point of the distal 
radius, and the incision is extended to bone from 2 to 4 
cm proximal to the growth plate. Using a hook blade, 
the periosteum is cut to the bone dorsally and caudally 
(about 3 cm), parallel to the growth plate. The hemicir- 
cumferential incision to release the periosteum is contin- 
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Figure 8.252 Front and side views 
of hinged braces used to straighten 
mild mediai deviation of the carpi. They 
must be adjusted daily to avoid 
pressure necrosis; because they are 
hinged, there is little muscle atrophy. 
The braces can be reversed for lateral 
deviation. (Courtesy of T. S. Stashak.) 


tied for the entire half of the distal radius. When the 
periosteum is transected on the lateral surface of the dis¬ 
tal radius (as in carpus valgus)* it is extended to cut the 
fibrous remnant of the ulna on the caudolateral border of 
the radius. A longitudinal incision (about I cm), placed 
centrally in the transverse incision, is created proximally 
to form an inverted T-incision (Fig. 8.253). Once com¬ 
plete, the periosteum is undermined craniad and caudad. 
Some surgeons prefer a cruciate patterned cut into the 
periosteum. 

Care is taken to not enter the tendon sheath of the 
common digital extensor tendon (cranially) or lateral 
digital extensor tendon (caudally). If the sheath is en¬ 
tered, synovial fluid drainage from the incision can be 
noted and sepsis could occur in the sheath if the incision 
becomes infected. u The reflected periosteum is left open, 
and the subcutaneous tissue and skin are apposed in a 
routine manner. Light wraps are applied and maintained 
for 5 days; stall rest is recommended until the bandages 
arc off. 

Foals are not turned out with bandages and the band¬ 
ages are not left on for long, because sores and white hair 
at the accessory carpal bone may produce a permanent 
blemish. Foals with mild deformities can be turned out, 
but those with more severe deformities should be con¬ 
fined until at least partial correction is achieved. This 
technique has been used successfully singularly (dis¬ 
cussed below) or can be used in combination with tempo¬ 
rary* transphyseal bridging. 

In foals with complete, intact ulnas, it is critical to 
remove a section of the ulna when performing the hemi- 
circumferential transection of the periosteum (HCTP) 
and periosteal elevation (PE). This can be easily accom¬ 
plished with an osteotome and rongeurs. At least a 1* to 
2-cm segment should be removed to prevent union of 
the bone ends with healing. The ulna serves as a lateral 



Figure 8.253 A. Incision lor hemtdrcumferential transaction of 
the periosteum. 8 Transverse incision in the periosteum 2.5 cm 
proximal to the physis. A longitudinal incision is made in the 
periosteum to create an inverted T. C. The periosteum is elevated. 
D. Suture apposition of the subcutaneous tissue. Note that the 
incised periosteum is left open. 
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than that today, because referral to surgery occurs earlier 
and mild conditions now make up a greater number of 
surgical cases* 1,6,10 The racing performances of 199 
Thoroughbreds treated with HCTP and PE were com¬ 
pared with those of 1017 siblings. The treated horses 
had a slightly lower percentage or race starts (45 versus 
55%), fewer 2-year-old starts (1.06 versus 1.72), and 
lower start percentile ranking numbers (33*49 versus 
49.18). Starting status was significantly affected by sur¬ 
gery but not by anatomic site treated. 1 ‘ The reason for 
the lower performance in this group is not known and 
is not necessarily directly related to the ALD. ALD may 
be associated with increased risk of other developmental 
orthopedic diseases. 
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DORSAL (ANTERIOR) DEVIATION OF THE 
CARPAL JOINTS (BUCKED, SPRUNG, 

GOAT KNEES; FLEXION DEFORMITY OF 
THE CARPUS) 

Bucked knees is a deformity* consisting of a dorsal 
deviation of the carpus that causes an alteration in the 
articulations of the nones forming the joint and results 
in constant partial flexion of the carpus. 5 The incidence 
of developmental abnormalities is reported to be 3 to 
4% of all foals horn; hyperflexion of the forelimbs is 
the most common form. In another report of congenital 
anomalies, 33% were “contracted foal syndrome.*’ 1 
Foals with carpal flexural deformity often cause dys¬ 
tocia, because their forclimbs cannot straighten nut to 
exit the birth canal. 

Causes 

Several factors are involved in the cause of bucked 
knees. Many horses exhibit a mild dorsal deviation of 
both carpi, but this may not be serious, because it is often 
owing to a congenital condition. 5 Congenital types may 
be the result of the positioning of the limbs in the uterus 
or of a mineral or vitamin deficiency in the mare (see 
Chapter 5) (Fig. 8.259). An autosomal trisomy (three 
chromosomes) has also been identified in two foals with 
congenital carpal flexural deformity. 1 The authors of 
that study conclude that most arthrogryposis in horses 
is not the result of a trisomy condition, bur it should be 
suspected when other life-threatening congenital condi¬ 
tions exist. The rrisomies arc associated with aged oo¬ 
cytes in otherwise cytogenetically normal mares and ex¬ 
plains the increased incidence of carpal flexural 
deformities from aged mares. 

Some cases of bucked knees arc the result of trauma, 
when certain lamenesses cause inactivity of the extensor 
group of muscles, allowing the flexors to contract. 5 The 
muscles most involved are the ulnaris lateralis, flexor 
carpi ulnaris, and deep and/or superficial flexor tendons. 
Injury to the suspensory ligament, deep and/or superfi¬ 
cial flexor tendons, or heel of the foot often causes a 
horse to rest the carpus in a dorsal direction. If the pain 
persists, the musculotendinous units contract to such a 
degree that the carpus cannot he straightened. In some 
cases, carpal injury, such as carpiris, may also cause dor¬ 
sal deviation of the joint to relieve pain, which will cause 
contraction of the muscles and tendons. Bucked knee 
caused by trauma is usually unilateral. 
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Figure 8.2S9 A foal with congenital bilateral flexural deformity 
of the carpus; neither limb can be extended. The left common 
digital extensor tendon is ruptured, and the right common digital 
extensor tendon appears inflamed. The arrow is pointing to the 
taut flexor tendons (Courtesy of T. S Stashak) 


Dorsal deviation of the carpus can also occur second¬ 
ary to rupture of the common digital extensor tendon 
within its carpal sheath. In some horses, the opposite is 
probably true, and the carpal flexion deformity contrib¬ 
utes to the rupture of the common digital extensor ten¬ 
don {Figs. 8.259 and 8.260). 5 

Signs and Diagnosis 

The severity of bucked knees varies considerably. In 
some cases, the condition is mild; but in others, it is ex¬ 
treme.'* In mild cases, the bucked knees may be noted 
only intermittently or as a trembling at the knee. In non¬ 
reducible mild bucked knees, one or both carpi is flexed 
forward to some degree when the affected horse is in 
the normal standing position. These cases rarely cause a 
lameness problem and arc considered a conformational 
abnormality. In moderate to severe cases, the condition 
inhibits normal movement and gait, as there is a shorten¬ 
ing of the cranial phase of the stride. The condition may 
be so pronounced that the horse falls to the carpal joints 
while standing or walking. The carpus or carpi may be 
unable to support their share of weight, so damage may 
occur to other regions of the limb. Knuckling of the fet- 



Figure 8.260 A foal with bilateral rupture of the common digital 
extensor tendon. Arrows point to the swellings on the dorsal lateral 
surfaces overlying both carpi (Courtesy of T. S. Stashak.) 


lock may also be present in this condition as a result of 
the shortening of the musculotendinous unit of the digi¬ 
tal flexor tendon. 

Treatment 

Bucked Knees in the Foal 

If the condition is not severe—i.e., the foal can put 
its feet flat on the ground without knuckling over to the 
carpus and can stand on its own—treatment often 1$ not 
necessary. Many foals straighten up remarkably well by 
the time they are 6 months old. Flowevcr, if lateral 
(varus) or medial (valgus) deviation of the carpal joints 
is present in addition to the bucked knees, corrective 
procedures may be necessary. If the condition is consid¬ 
ered severe, the limbs may be put into a cast or. prefera¬ 
bly, pulled into a polyvinyl chloride (PVQ splint. A 
study comparing sleeve casting and splinting revealed 
that more carpal hyperextension was achieved with 
splinting/ 

Use of systemic administration of oxytetracycline to 
induce musculotendinous laxity can remarkably assist 
with the correction of this condition in foals, but it 
should always be combined with splinting to gam axial 
alignment while the tendons arc relaxed and should al¬ 
ways he continued for the full 3 days of treatment or 
recurrence rate is high. The recommended protocol is 
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3 g oxytetracycline administered intravenously over 30 
minutes after dilution into 1 (iter of a balanced electro¬ 
lyte solution once daily for 3 days. Infusion should be 
slowed if tremors occur. 

Although renal and gastrointestinal toxicities are a 
concern, this has not been reported in foals given the 
drug experimentally or in horses treated to date. The 
dosage is not modified based on body weight, and the 
same dose is given to neonates and weanlings. The re¬ 
sponse to oxytetracycline is measurable for 3 days; there¬ 
fore, 6 days of laxity arc anticipated from 3 days of treat¬ 
ment. 2,4 The response to treatment declines with age and 
seems to be nonexistent in mature horses. Maximal 
forces pulling the carpus into extension should occur 
during the oxytetracycline treatment. 

I prefer PVC splinting, because forces can be reset as 
improvement occurs. The foal should be left in the cast 
or splint for 10 to 14 days. In many cases, it will not be 
necessary to reapply the cast; hut if a new cast is neces¬ 
sary, it should not be applied until 10 to 14 days after 
the first cast is removed. This interval allows the foal to 
partially overcome the effects of disuse atrophy in the 
musculature. 

A complete check of the horse's diet should is recom¬ 
mended; and the diet should be fortified, if necessary, 
with elements considered deficient. Foals that develop 
bucked knees after birth should be checked for imbal¬ 
anced or excess nutrition (see Chapter 5). 

Bucked Knees as a Result of Injury 

When a bucked-knee condition was caused by injury 
to the carpus or other structures, it is necessary to direct 
treatment at correction of the original pathologic 
changes. Pathologic changes in the flexor tendons, sus¬ 
pensory ligament, foot, extensor tendons, or carpus are 
most often responsible for this type of bucked knee. If 
the condition is not of long duration and is corrected 
promptly, the musculotendinous unit will gradually 
stretch, and the carpus will again assume a normal posi¬ 
tion. Splinting or proximal check desmotomy may help 
straighten these cases. 

Surgical Correction 

In foals with carpal flexural deformity that is so severe 
that even with oxytetracycline treatment and maximal 
tension, flexion is still present and prevents splinting, 
roximal and distal check desmotomy can lengthen the 
exor tendon component. This operation is most suc¬ 
cessful for bucked knees that result from trauma and is 
less successful for those that are congenital. The carpal 
bones are often deformed with congenital bucked knees, 
whereas the carpal bones are relatively normal with the 
acquired condition. Furthermore, congenital bucked 
knees show contraction of the deep and superficial flexor 
musculotendinous units and the ulnaris lateralis and 
flexor carpi ulnaris. The suspensory ligament can also 
be involved. 

In my experience, desmotomy of the accessory (check) 
ligaments is often not adequate to straighten the limb in 
these severe cases, and transection of the insertions of 
the flexors on the accessory carpal bone (flexor ulnaris 
and ulnaris lateralis) improves the success. In extreme 


cases, flexor tendons and even the suspensory ligament 
may need to be transected. It is best to leave at least 
one flexor structure to support the fetlock, or complete 
fetlock breakdown is a consequence and loss of vascular¬ 
ity to the distal limb from overstretching of congenitally 
shorter neurovascular bundles can occur. 

Surgical transection of the ulnaris lateralis and flexor 
carpi ulnaris can be performed with the horse in standing 
position if it is tractable, but general anesthesia is usually 
used in foals. Tranquilization and sedation arc necessary 
if the operation is to be done while the horse is standing. 
The operative region is 2,5 to 4 cm above the accessory 
carpal bone on the caudal aspect of the limb. 

The area is clipped, shavea, and prepared for aseptic 
operation. Anesthesia is accomplished by injecting a 
local anesthetic. If the horse is placed in recumbency, the 
tendons should be tensed by extending the carpus. The 
depression between the two tendons is located on the 
caudal surface of the limb about 2.5 cm above the acces¬ 
sory carpal bone. A 5.0-cni-long incision is made 
through the skin and subcutaneous tissue, and a blunt- 
pointed bistoury is inserted through the wound at the 
side of the tendon of the ulnaris lateralis muscle. Care 
is taken to avoid cutting the ulnar artery vein and nerve. 
The tendon is severed by cutting outward with the bis¬ 
toury until the knife edge can be felt beneath the skin. 
The length of the incision allows careful identification of 
the structure to be severed. The limb should be extended 
during the cutting procedure. The bistoury is then 
turned, and the tendon of the flexor carpi ulnaris is sev¬ 
ered. Do not cut too deeply, or the structures underlying 
the muscles may be injured. 

Sutures are then placed in the incision, and the region 
is kept bandaged for at least 10 days. The patient should 
nor be worked for 6 to 8 weeks. If the limb cannot be 
fully straightened after tenotomy, it is beneficial to place 
the limb in a sleeve cast from elbow to fetlock joint. This 
cast should be left in place 10 to 14 days. Alternatively, 
a bandage splint can be used. 

Prognosis 

A mild nonreducible bucked knee that is static from 
birth and not associated with lameness is considered a 
conformational abnormality and is not a problem for 
performance. For all other forms, the prognosis is 
guarded; and in acquired cases of carpal flexural defor¬ 
mity, the condition may preclude full athletic use. How¬ 
ever, most conditions or this kind can be improved so 
that the horse can serve as a useful breeding animal. 
Breeding animals should be cytogenetically tested to be 
normal. The prognosis is favorable in mild, congenital 
forms if the nutrition of the foal has been good or is 
corrected. Severe congenital forms result in an unfavora¬ 
ble prognosis. 
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RUPTURE OF THE EXTENSOR CARPI 
RAOIAUS TENDON 

Rupture of the extensor carpi radialis tendon is com¬ 
paratively rare. The signs of lameness arc distinctive, 
making it easy to diagnose. 1 * 4 

Causes 

The condition is caused by trauma. The logical con¬ 
clusion is that overflexion of the limb is most apt to 
rupture the extensor carpi radialis tendon. 4 In most 
cases, the actual cause is not known. 

Signs 

With the resistance of the extensor carpi radialis ten¬ 
don gone, the flexor tendons are able to overflex the 
limb. Careful observation of the gait shows that the car¬ 
pus flexes considerably more in the affected limb than 
in the normal limb. The tendon sheath of the extensor 
carpi radialis is distended. 2,4 Extension is accomplished 
by means of the common digital extensor and the lateral 
digital extensor. After the rupture has been present for 
a short time, atrophy of the muscular portion of the ex¬ 
tensor carpi radialis begins. Palpation over the carpus 
reveals the absence of the tendon on the dorsal surface 
of the carpus. 

Treatment 

If the rupture is complete and found soon after it oc¬ 
curs, it may be possible to bring the ends of the tendon 
together surgically, In this case, the limb is kept in a cast 
for approximately 6 weeks. In cases of longer duration, 
it is impossible to bring the tendon ends together. The 
surgeon may be able to substitute the tendon of the ex¬ 
tensor carpi obliquus by using tendon anastomosis. With 
partial rupture of the extensor carpi radialis tendon, de¬ 
bridement of the adhesion, suturing of longitudinal splits 
in the tendon, and suturing of a torn tendon sheath have 
proven beneficial. 4 

Prognosis 

Prognosis is unfavorable for complete rupture. In 
horses valuable enough to warrant surgery, either tendon 
anastomosis or substitution with extensor carpi obliquus 
may be used. 1 The prognosis is favorable for partial tears 
and longitudinal splitting of the extensor carpi radialis 
tendon and its sheath if surgery is performed. 4 
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RUPTURE OF THE COMMON DIGITAL 
EXTENSOR TENDON 

Rupture of the common digital extensor tendon most 
frequently affects both forelimbs in young foals and is 
generally present at birth or develops soon after.** 5 Af¬ 
fected foals may have concomitant multiple birth defects, 
including delayed endochondral ossification of the car¬ 
pal bones and underdeveloped pectoral muscles, and 
they may be prognathic. 1 All this implies that the exten¬ 
sor rupture may be part of a complex congenital defect 
that may involve dysmaturiry. A flexure deformity of the 
carpus or fetlock may also accompany the rupture. In a 
series of 10 cases, 4 had severe flexure deformities, 3 
exhibited mild signs, and 3 had no signs of flexure defor¬ 
mity. 1 The flexure may represent a weakness of the ex¬ 
tensor musculotendinous unit or be a result of rhe rup¬ 
ture and loss of extensor support to the carpus. In 
general, this condition is thought to be relatively uncom¬ 
mon; however, in one report, 10 cases were diagnosed 
over a 4-year period. There may be an inherited predis¬ 
position, because two mares had two successive foals in 
2 years that were affected with this condition/’ 1 A higher 
incidence of this problem has been reported in Arabians, 
Quarter Horses, and Arabian-Quarter Horse crosses/ 

Causes 

This condition may be congenital, particularly if it is 
part of a complex congenital defect in development.' In 
some cases, however, it is difficult to determine whether 
the flexure deformity of the carpus results in the rupture 
of the common digital extensor tendon or, in fact, devel¬ 
ops secondary to the rupture of the common digital ex¬ 
tensor. 

A common history is that the foal was shaky and 
buckling in the knees and then the swelling was noted. 
It is also postulated that rupture of the common digital 
extensor tendon could result from a single or repeated 
forced extension of the carpus against resistance. Such 
a situation appeared to be the case when a 24-hour-old 
foal was examined because of an inability to stand be¬ 
cause of bilateral carpal flexure deformities. Physically, 
the carpi could not be extended (Fig. 8.260). On close 
observation, bilateral distension of the common digital 
extensor tendon sheath was evident also. At necropsy, 
one tendon had completely ruptured, and the other had 
marked inflammatory signs with a tendency toward dis¬ 
ruption of fibers. Histopathology of the completely sepa¬ 
rated tendon indicated regions of normal tendon, imma¬ 
ture fibrous tissue (indicating an attempt to heal), and 
newly torn tendon fibers with hemorrhage. Considering 
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Figure 8.243 A. Fracture of the distal radiocarpal bone and 
proximal third carpal, two o( the most commonly fractured bones 
in racehorses B Arthroscopy reveals a mildly displaced chip 
fracture and associated cartilage damage in the distal 
radiocarpal bone of a horse positioned in dorsal recumbency. 



Figure 8.264 Normal left bony carpus The joints (from 

proximal to distal) are the antebrachiocarpal (radiocarpal), the 
midcarpal (intercarpal). and the carpometacarpal. Arrows, areas 
where chip fractures may occur on radius; M. medial; L, lateral: R, 
radial carpal bone; I. intermediate carpal bone: U. ulnar carpal 
bone; 3rd. third carpal bone; 4th. fourth carpal bone, 


Four categories ot carpal chip fractures have been 

identified: 

• Recent* complete fractures 

• Fragments with synovial membrane and fibrous capsu¬ 
lar attachments 

• Chronic fractures with early bony reattachment 

• Fractures with extensive bony reattachment (healed 
with a fibrous union} 

Four grades reflect the amount of articular cartilage 

damage: 

• Grade I. Minimal loss (less than 5 mm) from the dorsal 
surface 

• Grade 2. Loss of 30% of the articular surface 

• Grade J, Loss of 50% of the articular surface 

• Grade 4, Significant subchondral bone loss with loss 
of support to the dorsal surface 21 


Slab Fractures 

Slab fractures, unlike chip fractures, extend through 
the full thickness of the bone to involve both proximal 
and distal joint surfaces (Fig. 8.265 4 They can 
involve any of the carpal bones; but the most commonly 
affected are the third, followed by the intermediate and 
radial carpal bones. Slab fractures usually involve the 
dorsal surface of the bone and vary in thickness and 
width. Approximately 58% of third carpal slab fractures 
in racing Thoroughbreds and Standardbreds .ire frontal 
plane slab fractures of the dnrsomcdial facet, 22% arc 
large frontal plane slab fractures involving the intermedi¬ 
ate and radial facets, 8% are slab fractures of the inter¬ 
mediate facet, and 12.4% are sagittal slab fractures. 40 
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tion for surgery depends on the type and size of fracture 
sustained. 

Signs 

Signs of intraarticular chip fractures within the carpus 
are manifested by some degree of heat, pain, joint disten¬ 
sion, and lameness. On visual examination, synovial dis¬ 
tension of the antcbrachiocarpal (radiocarpal) joint or 
midcarpal carpal joint is a hallmark to carpal disease. 
With an acute chip fracture, the synovitis is initially rela¬ 
tively diffuse (involving the whole joint) but eventually 
becomes more localized in the soft tissue over the chip 
fracture. This point swelling results from a localized syn¬ 
ovitis and synovial proliferation, usually over the dor- 
somrdial surface of the carpal joints. 

With slab fractures, the swelling tends to remain dif¬ 
fuse and later results in an organized diffuse thickening 
of the joint capsule. This swelling is usually associated 
with the midcarpal joint and results from a stab fracture 
of the third carpal bone. The swelling on the dorsal sur¬ 
face of the carpus should be differentiated from other 
less common conditions, such as supracarpal bursitis and 
tenovaginiris of the extensor tendon sheaths. 16 

The degree of lameness depends on the extent, loca¬ 
tion, and duration of the fracture and the amount of 
DJD that is present. In general, most horses with acute 
small articular fractures of the carpus exhibit minimal 
signs of lameness. Horses that have sustained acute large 
chip fractures or slab fractures usually stand with the 
carpus partially flexed. At exercise, some degree of short¬ 
ening of the cranial phase of the stride and decreased 
height of the fixtt flight arc is noted. Circling to the af¬ 
fected side usually increases the signs of lameness. Horses 
with more chronic fractures may exhibit minimal to 
moderate signs of lameness at exercise. As a rule, the 
earlier the problem is recognized, the easier it is to elicit 
pain and observe lameness. 

Assessment of the degree of carpal flexion and the 
carpal flexion test can be valuable tools in the diagnosis 
of carpal lameness. Reduced, painful flexion and non¬ 
painful flexion can be identified. Reduced, painful flex- 
ton is usuallv associated with acute intraarticular frac- 

4 

turcs and slab fractures. Frequently, horses with slab 
fractures will violently resist flexion and rear up to avoid 
it. Nonpainful, reduced flexion, on the other hand, can 
result from chronic carpitis and old healed slab fractures. 
Rarely will chronic intraarticular chip fractures lead to 
decreased flexion. The carpal flexion test is performed 
by holding the carpus in a flexed position for I minute, 
after which the horse is exercised at a trot. Two or three 
abnormal steps arc normally observed. However, if more 
are present, there may be a problem within the carpus, 
particularly if there is a nodding head lameness associ¬ 
ated with it (see Chapter 3). 

Pressure palpation of the dorsal border of each carpal 
bone in both joints is also an important diagnostic tool. 
The extensor carpi radialis tendon provides a good land¬ 
mark. Carpal bones medial to it include the radial and 
third carpal bones. Lateral to it are the intermediate car¬ 
pal bone, ulnar carpal bone in the proximal row, and 
the lateral edge of the third carpal bone and fourth carpal 
bone in the distal row. All the dorsal surfaces of the 


carpal bones are palpated as well as the distal end of 
the radius. With practice, the examiner can define the 
fracture location (see Chapter 3). 

Diagnosis 

Carpal lameness can be confirmed by intrasynovia I 
anesthesia. Between 5 and 7 mL of local anesthetic is 
injected into the antebrachiocarpaI or midcarpal joints 
after withdrawal of a like amount of synovial fluid has 
been accomplished. The local anesthetic should nor be 
injected if a homogenous dark red fluid is withdrawn, 
because of the high probability of an intraarticular frac¬ 
ture. The lameness is reevaluated 15 to 30 minutes after 
the injection. If there is any question about whether a 
fracture exists, it is recommended that radiographs be 
taken before the injection is made. Infrasynovia I anesthe¬ 
sia in the carpus is probably most frequently used when 
the examiner is having a difficult time ascertaining the 
site of involvement or the percentage that the region con¬ 
tributes to the overall lameness picture (see Chapter 3). 
Any discoloration to the synovial fluid should he submit¬ 
ted for analysis and cytology. Many joints in a racehorse 
may have been repeatedly injected, and a reactive synovi¬ 
tis or brewing joint infection may appear like, and occur 
concurrently with, carpal fracture. 

Radiographs should he taken to confirm the presence 
of a suspected lesion. It is recommended that six stan¬ 
dard views he taken—dorsopalmar (DP); lateral medial 
(LM); dorsopalmar, lateral medial oblique (DPLMO); 
dorsopalmar medial lateral oblique (DPMLO); and 
flexed lateral medial (FLM); 4 *’ and skyline—to assess the 
depth, length, and the exact location of the fractures of 
the third carpal bone (see Chapter 4) (Figs. 8.268A and 
8.269A). In some practices, the skyline view of the proxi¬ 
mal row of carpal hones is also routine. Most practices 
perform this view if any other view suggests a possible 
abnormality in the antebrachiocarpat joint. The dorso- 
prnximal-dorsodistal skyline projection of the distal row 
of carpal bones is accurate for detecting subchondral 
third carpal bone sclerosis and correlates with third car¬ 
pal bone density. 44 Radiographs of the contralateral car¬ 
pus are indicated, because a similar chip fracture is pres¬ 
ent in about 50% of horses. 2 ' The exact location of the 
chip fractures that arc not diagnosed initially by physical 
examination may be pinpointed by careful palpation 
once the radiographic examination has identified their 
presence. 

Arthroscopy may he useful as a diagnostic tool, par¬ 
ticularly in horses with radiographic occult lesion. In one 
report on horses with recurrent carpal pain without ra¬ 
diographic evidence of fracture, it was noted that pa¬ 
tients may have any number of injuries. Diagnostic ar¬ 
throscopic inspection of the joint revealed most had 
direct bone pain from crush fractures, radiographically 
silent fractures^ or microfractures or fatigue failure of 
sclerotic bone. 26 Sclerosis of the third carpal hone is a 
progressive event in bone remodeling of the Standard- 
bred racehorse 41 and carpal lameness is significantly as¬ 
sociated with sclerosis. Lucency of the third carpal hone 
and distal radiocarpal hone are associated with lame¬ 
ness, and lesions are identified m bone and cartilage at 
arthroscopy. 8 * 111 Identification of carpal ligament injuries 
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complete ligament rupture in one study 12 and 41% had 
similar damage in another study, 18 Bone remodeling of 
the dorsodistal border of the radiocarpal bone has been 
associated with the severity of this injury, 42 and articular 
cartilage damage has been correlated with severity of 
ligament damage. 18 

Nuclear scintigraphic evaluation of horses with 
chronic carpal lameness without radiographic evidence 
of carpal bone fracture can assist with locating stress 
fracture fatigue of bone, usually the third carpal bone. 
In one study of lame racing Standardbreds, 43% of 
horses with forelimb problems had increased uptake as* 
sociatcd with the third carpal bone, the majority of 
which were thought to be clinically significant. The au¬ 
thors believed that the scintigraphy identified early pa¬ 
thology associated with exercise-induced bone remodel¬ 
ing. 4 The third carpal bone in most racing Standardbreds 
has some increase in radiopharmaceutical uptake associ¬ 
ated with stress remodeling, 44 but activity in the fracture 
level is usually associated with pain. 

Treatment 

Chip Fractures 

Arthroscopic surgical removal of carpal chip fractures 
is the treatment of choice for most cases, particularly if 
return to racing performance is desired (Figs. 8.263 and 
8.270). In select cases of small nondisplaced fractures or 
incomplete fractures, conservative management is suc¬ 
cessful. The selection of treatment depends on the physi¬ 
cal findings, the size and shape of the chip, and its loca¬ 
tion. Other factors that should be considered are the 
animal’s age, its sex, and its intended future use. Whether 
a chip fracture is painful largely depends on the duration 
since injury, its size and location, and the degree of dis¬ 
placement from the parent bone. 

In general, small chip fractures firmly attached to the 
parent bone can be handled conservatively with some 
period of rest. On physical examination, these horses 



Figure 8.270 Arthroscopy reveals displaced chronic distal 
radiocarpal Gone chip fractures. The rounded borders of the 
fracture and :he fibrous tissue in the fracture bed indicate the 
chronioity of :he fracture. One fragment is attached to the adjacent 
synovium and is not free floating (arrow) 


may exhibit mild lameness or no lameness at exercise 
and may have minimal pain with limb manipulation and 
direct palpation over the fracture. Nondisplaced chip 
fractures of the distal end of the radius are also fre¬ 
quently treated this way and carry a good prognosis for 
return ro racing if sufficient rest has been afforded. 14,45 

Surgical removal of these fractures may still be elected 
if it is anticipated that the convalescent time will be sig¬ 
nificantly reduced. With a small, nondisplaced fracture, 
4 months of rest is anticipated for bone healing, but 2 
months of rest may be all that is necessary after arthro¬ 
scopic removal. In the third carpal bone, even nondis- 
laccd fractures are best treated with surgical removal, 
ecause they may take 6 months to heal conservatively 
and a fibrous union may resulr. 

Large acute chip fractures with displacement that af¬ 
fects the weight-bearing surface or that are floating free 
within the joint are best treated by surgery to prevent 
further degenerative changes in the form of cartilage ero¬ 
sion, adjacent osteolysis, osteophytosis, and “kissing” 
lesions on the opposite joint surfaces; not too infre¬ 
quently, these chips refracture when the horse is put back 
into training. Most of these horses exhibit increased signs 
of lameness and increased pain on flexion and palpation 
compared to those sustaining smaller chip fractures. 
These chip fractures should be removed as early as prac¬ 
tical (within 10 to 14 days). 

When imraarticular steroids have recently been used 
and multiple fractures and cartilage damage are ex¬ 
pected, some clinicians believe that surgery is best de¬ 
layed for 30 to 45 days. During this time, the horses 
should be placed in stall confinement. For simple arthro¬ 
scopic surgeries, the recent use (if imraarticular steroids 
does not usually delay surgery, but different opinions 
exist on this issue and consideration of history reliability 
and sterility* of injection may still warrant delay. 

Conservative treatment of horses sustaining nondis- 
placcd chip fractures usually consists of stall confine¬ 
ment for 6 to 12 weeks with daily hand walking begin¬ 
ning after 6 weeks. Free exercise can be begun at the 3rd 
or 4th month, and training is begun at 6 to 8 months 
after the injury occurred. This period is usually sufficient 
to allow for adequate healing of the fracture. 

Nonsteroidal anti-inflammatory drugs (NSAIDs) can 
be used initially to reduce the acute inflammatory pro¬ 
cess. Intrasynovia! or intravenous injections of sodium 
hyaluronateand intramuscular injections of polysu I fated 
glycosaminoglycans may be beneficial in reducing the 
synovitis, the progressive cartilage destruction, and the 
formation of osteophytes. The intrasynovial injection of 
steroids is not recommended, because it delays the heal¬ 
ing process and masks inflammatory signs. Injection of 
imraarticular steroid is all too often used to return the 
horse to racing as soon as possible. Ancillary treatments 
with counterirritants applied topically, pin firing, and 
corrective shoeing are used and may be of benefit. 

The surgical approach ro the fracture fragments 
should be carefully determined by radiographs before 
surgery, and an operative plan should be followed. In 
general, smaller fragments are removed before larger 
ones in a joint because distension may be difficult to 
maintain after removing a large fragment. The most diffi¬ 
cult and clinical joint is performed first while the surgeon 
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is fresh and so the most important problems can be ad¬ 
dressed first in case the horse must be rapidly recovered. 

Normally, antebrachiocarpal joint surgery is per¬ 
formed before midcarpal joint surgery, because subcuta¬ 
neous fluids migrate toward the ground (proximal on the 
limb), away from the midcarpal joint. Generally, free- 
floating fragments arc removed immediately once they 
are located (Fig. 8.184). 

Horses are positioned in dorsal recumbency under 
general anesthesia to allow access to both the medial 
and the lateral arthroscope portals of both carpi without 
moving the horse and to decrease intraoperative hemor¬ 
rhage (Fig. 8.271). Although other positions arc used by 
some surgeons, they are not discussed here. After drap¬ 
ing, the joint is flexed so that the antebrachiocarpal and 
midcarpal joints can be positively identified. The arthro- 
scopc portal is selected to be opposite the chip fracture, 
and the operative portal is placed strategically adjacent 
to the fragment to allow removal with rongeurs. In the 
carpus, the skin incisions are made in the center of the 
palpable divot between the extensor carpi radialis ten¬ 
don and common digital extensor tendon laterally and 
medial to the extensor carpi radialis tendon medially. 
Most fractures and all of the common fractures can be 
removed with this approach. For unusual fractures in 
the palmar aspect of the joint, alternate portals can be 
used for access. 

Upon entering the joint with the arthroscope, an im¬ 
mediate and complete exploratory should be performed 
to identify expected lesions and unexpected lesions. The 



Flgur* 8.271 Horse positioned in dorsal recumbency and 
undergoing carpal arthroscopy. 


joint condition should be videorecorded. A probe instru¬ 
ment is then used to palpate lesions for looseness, carti¬ 
lage depth of lesion and undermining, and softness of 
underlying bone. The fractures are elevated with a peri¬ 
osteal elevator to tear capsular attachments and then are 
grasped and removed with rongeurs. If chronic chip frac¬ 
tures arc encountered an osteotome can be used to ele¬ 
vate the fragment from the parent bone. Abnormal bone 
and frayed cartilage are removed to healthy bone, and 
the joint is liberally lavaged to remove debris. A micro¬ 
fracture technique (small bone pick) can be used to pene¬ 
trate the subchondral bone and enhance articular carti¬ 
lage repair in larger cartilage defects. 1 ^ A final 
exploratory is performed to ensure removal of all frag¬ 
ments and sizable debris. 

If necessary, the arthroscope is inserted in the opposite 
side of the same joint and the process repeated. In gen¬ 
eral, the synovial membrane is not removed unless it is 
thought to harbor infection or is focally extremely irri¬ 
tated. A final videorecording is made and still photos are 
taken for the record. A final radiograph is taken intraop- 
eratively to confirm complete fragment removal. 

Only the skin is sutured, with one or rwo sutures. 
A sterile elastic bandage is placed intraoperatively and 
changed when postoperative radiographs are taken 1 to 
2 days later. 

Postoperatively, bandages are maintained until the 
skin sutures are removed at 10 days. Perioperative antibi¬ 
otics are often not used, but surgeon preference varies. 
Pain medication usually consists of low dosages of phen¬ 
ylbutazone (2.2 mg/kg PO once daily). Use of intramus¬ 
cular polysulfated glycosaminogtycan can begin at 6 
weeks, when cartilage healing is peaking, and again be¬ 
fore training. Sodium hyaluronate (systemic or intraar- 
ticular) can be used to treat chronic synovitis or effusion. 

Postoperative care consists of box-stall rest for 6 
weeks, and hand walking commences after 2 weeks. Tur- 
nout at 6 weeks and training at 12 to 16 weeks arc typi¬ 
cal. Daily passive flexion of the carpus postoperatively 
helps regain carpal range of motion, particularly for 
third carpal bone injuries that also have capsulitis. Swim¬ 
ming the horse helps with soft tissue convalescence. Pas¬ 
sive joint exercises should begin after soft tissue healing 
is well started (at about 3 weeks) and the skin is sealed. 

Complications of surgery are rare, but include joint 
infection (less than 0.01%), subcutaneous infection, 
chronic effusion of the joint, and distension of the exten¬ 
sor carpi radialis tendon sheath. Entering the sheath is 
most likely to occur during removal of large distal radius 
fractures. In most cases, the connection heals without 
blemish. Benefits of arthroscopic carpal fracture removal 
include short surgery time, visualization of most of the 
joint and sites of all common fractures, less soft rissue 
morbidity', shorter convalescence, increased diagnostic 
accuracy, and improved cosmetics. Arthrotomy is no 
longer used for treatment of carpal chip fractures, except 
under rare circumstances. 

Slab Fractures 

Horses with slab fractures of the carpal bone should 
be surgically treated as soon as practical after the injury 
has occurred even if corticosteroids have been injected 
recently. The fracture must be stabilized to minimize the 
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is necessary for a 3.5-mm screw and is an advantage, 
particularly for thinner fractures. 

A depth gauge is used to measure the depth of the 
hole, and an appropriate length cortical screw is selected. 
It is important to ensure that the drilled hole is longer 
than the screw' or the threads will strip. A cortical hone 
tap is used to create threads in the thread hole. It is also 
important to fully tap the thread hole, particularly for 
3.5-mm screws, because in the dense bone of the third 
carpal bone, the screwdriver seat will strip as the screw 
tries to self-tap. Ow-ing to the shallow' configuration of 
their driver seat, 3.5-mm screw's are particularly prone 
to this complication. 

The screw- is then inserted and tightened sufficiently 
to compress the slab fracture effectively into accurate 
alignment with the parent bone (Fig. 8.272C). After frac¬ 
ture reduction and stabilization, the rest of the joint can 
be surgically treated as necessary, and the fracture trough 
debrided (Fig. 8.268B). If a triangular piece of bone and 
cartilage are removed from the fracture surface, the dor¬ 
sal lip of bone projecting above the fracture surface 
should he removed with an automated power burr. 

The joint is liberally lavaged and closed wirh skin su¬ 
tures. The incision over the screw' head requires subcuta¬ 
neous and skin closures. A sterile padded bandage is 
placed for 2 weeks. Postoperative care consists of 2 
months of stall rest, 1 month of hand walking, and 3 
months of turnout before training. 

The disadvantages of the arthroscopic approach in¬ 
clude distortion of the fracture, because variable magni¬ 
fication (i.e., the magnification changes w ith the distance 
from the scope) makes central placement of the screw' 
difficult; fluid leakage around the fracture and lag screw 
owing to the disruption of the joint capsule around the 
fracture; and increased time for set up and manipula¬ 
tions. 

If arthrotomy is elected, the surgery can still be per¬ 
formed in dorsal recumbency to minimize hemorrhage 
and obviate the need for a tourniquet. The arthrotomy 
incision (1.5 to 2 cm) is made directly over the antici¬ 
pated site of the fracture on the radial facet. A small 
Gelpi is placed to expose the articular surface of the third 
carpal hone and expose the fracture. Under direct visual¬ 
ization, the middle of the fracture can be determined w r ith 
immediate confidence. Needles (22 gauge) are placed in 
the carpometacarpal joint directly distal to the selected 
location for the screw'. A separate stab incision is made 
to place the screw in lag fashion. Radiographic control 
and postoperative care are as described above. The joint 
capsule is closed w ith simple interrupted absorbable su¬ 
tures, and the skin is closed routinely. 

The advantages of arthrotomy are speed, precise lag 
screw placement, and elimination of the expense of open¬ 
ing arthroscopic equipment. The disadvantages are a 
slightly larger incision and case selection is important 
for reducing the risk of incisional complications. 

Care should be taken to avoid ulcers on the accessory 
carpal bone and on the medial tuberosity of the radius. 
A full-limb bandage protects the joint w'hilc the animal 
recovers from anesthesia; and for the first 5 to 7 days 
after the surgery, it helps keep swelling to a minimum. 
The bandage is removed at 5 to 7 days and replaced with 
a lighter sterile clastic bandage. Perioperative antibiotics 
are continued for 24 hours until hemorrhage has 


stopped. Phenylbutazone (2.2 mg/kg daily) is usually ad¬ 
ministered for pain. 

Healing progress should be monitored by radiographs 
at 6, 12, and 24 weeks. The fracture should be healed 
by 25 W'ccks, when training can begin. Longer healing 
(8 to 9 months), however, is preferable. Use of suppor¬ 
tive joint medication is similar as for chip fractures. 

Sagittal slab fractures of the carpal bones, most com¬ 
monly of the third carpal bone, arc difficult to treat surgi¬ 
cally. If they are not widely displaced, they can be treated 
conservatively w ith a 1-year course before return to rac¬ 
ing.' 3 If a lag screw can he placed (Fig. 8.269), healing 
can occur in 3 months, and return to racing can be rapid. 

Other slab fractures can occur in any carpal bone, 
and the surgical principles for repair are similar to those 
described. 1 *’ Without repair, DJD is expected and return 
to performance is unlikely. 

Multiple Comminuted Fractures 

Multiple comminuted carpal bone fractures occur in¬ 
frequently, but generally are seen in racing and jumping 
horses during athletic events. Because there is a loss of 
internal support, a valgus or varus angulation to the limb 
usually occurs. Treatment should be considered for 
horses with breeding potential and/or sentimental value; 
repair requires major orthopedic surgery. 15 

The limb should be immediately stabilized until radio¬ 
graphs can be taken to assess the degree of damage. In 
cases in which a single bone has been affected with com¬ 
minution, internal fixation with screws can be used (Figs. 
8.266 and 8.273). One report describes two cases of 
comminuted fracture of the fourth carpal bone handled 
successfully in this manner. 4 ' 

If several carpal bones arc affected with comminution 
and a larger number of fragments are present, the carpus 
can be fused with plates and screws (Fig, 8.2 4). Partial 
carpal arthrodesis of the midcarpai joint—with either 
two narrow plates or one narrow plate and a T- 
plate—retains some degree of joint flexion, In most in¬ 
stances, the antebrachiocarpal joint can be spared by sta- 



Flgure 8.273 Necropsy specimen ol acute fractures of the 
radiocarpal, Intermediate carpal, and third and fourth carpal bones. 
This severe injury may result in elected euthanasia. 

Reconstruction of the bones with screws or carpal arthrodesis is 
an option for breeding soundness- 
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LUXATIONS OF THE CARPAL JOINTS 

Luxations of the carpal joints with disruption of either 
the lateral or medial collateral ligament are rare in the 
horse. ^ They can involve any one of the three carpal 
joints, hut rupture of the medial collateral ligament ap¬ 
pears to occur more frequently. 1,,,s The luxation can be 
complete or partial. In most cases, the joint surfaces are 
spared; hut in a small percentage of these, comminution 
of the carpal bones also occurs. 5,6 Multiple fractures of 
the carpal hones may coexist with damage to the collat¬ 
eral ligaments and lead to carpal collapse and carpal 
varus. ,4 

Causes 

Any form of severe trauma directed toward the lateral 
or medial surface of the carpus can result in luxation. 
This trauma can occur from foaling, jumping, falling, or 
slipping. Occasionally, an avulsion fracture associated 
with one of the attachments of the collateral ligaments 
may accompany the luxation. Alterations to the vascular 
supply of the distal limb have also been reported with 
complete luxation of the carpus. 

Signs 

In most cases, the horse presents with a swelling and 
angular deformity of the affected limb and is reluctant 
to hear weight on it. 7 A history of severe trauma may 
he revealed. During movement, the horse appears ob¬ 
viously to be in pain, and the distal limb is abnormally 
mobile. This is particularly true for complete luxations 
and luxations associated with comminuted fractures of 
the carpal bones. On palpation, heat, pain, and swelling 
are present and some degree of instability of the distal 
limb is appreciated. If the carpal bones are fractured, 
crepitation may be felt. Horses may react quite violently 
to manipulation of the limb, so the examiner should be 
careful. The clinician may note that some of the carpal 
hones are displaced from their normal position. 

Diagnosis 

An obvious angular limb deformity of the limb cou¬ 
pled with an abnormal alignment of carpal bones identi¬ 
fies the luxated carpus. However, radiographic examina- 
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radial (superior) check ligament, and osteochondroma 
at the distal radius can result in compression and irrita¬ 
tion of the soft tissue structures within the carpal canal. 
The resultant compression chokes the neurovascular 
structures at either extremity of the canal during motion, 
which causes a reduction in blood flow to the distal limb 
resulting in pain that leads to lameness. 4 ~*‘' l,,l 

Signs 

Horses usually present with a history of moderate, 
chronic, and sometimes intermittent lameness. Intermit* 
tent lameness is usually noted in horses that are rested 
in between exercise and for horses that have a healed 
accessory carpal bone fracture. 

On visual observation, some degree of synovial fluid 
distension of the carpal canal can be seen bulging on 
the caudolateral aspect of the distal radius between the 
ulnaris lateralis and the lateral digital extensor tendon 
(Fig, 8.276). With severe effusion, distension of the cau- 
domedial distal radius also occurs between the flexor 
carpi ulnaris and the flexor carpi radialis. Distally, a 
smaller fluid distended area is apparent below the carpus 
and between the flexor tendons and the suspensory liga¬ 
ment (Fig. 8.276). 



Figur* 8.276 Extensive carpal sheath tenosynovitis. Note the 
swelling proximal to the carpus (oval). 


On palpation, some degree of tenseness of the dis¬ 
tended carpal canal can he appreciated. A reduced angle 
of flexion of the carpus is usually noted and rapid flexion 
of the carpus usually results in extreme pain, with the 
horse rearing to avoid manipulation. In some cases, a 
reduction in pulse pressure within the digital artery can 
be noted at the base of the proximal sesamoid. Deep 
palpation over the carpal canal region with the carpus 
held in moderate flexion allows the examiner to identify 
accessory carpal bone fractures and possibly osteochon¬ 
dromas of the distal radius. 12 Crepitation can be felt w ith 
acute fractures of the accessory carpal bone; whereas in 
chronic cases, an increased lateral-to-medial movement 
of the fractured accessory carpal bone can be perceived. 
Deep palpation over the caudomedial aspect of the distal 
radius allows the bony prominence of the osteochon¬ 
droma to he felt. Palpation of these lesions usually results 
in considerable pain, and increased tameness is observed 
with exercise. 


Diagnosis 

A tentative diagnosis of the carpal canal syndrome 
can be made with physical findings of a distended carpal 
canal along w'ith a decreased ability to flex the limb, 
painful carpal flexion, and decreased pulse pressure in 
the palmar digital artery. Intrasynovia I anesthesia with 
5 ml. of anesthetic can he used to confirm the examiner’s 
suspicion that the carpal canal syndrome is the origin 
of the lameness. Radiographs are required to identify 
osteochondromas and fractures of the accessory carpal 
bone as the cause and should always be performed. Ul¬ 
trasound of the sheath and tendons may reveal chronic 
synovial proliferation, adhesions, and deep digital flexor 
tendinitis or tendon injury and/or desmitis of the radial 
check ligament. 2 If a cemesis of the sheath is desired to 
obtain a fluid sample or to perform intrathecal anesthe¬ 
sia, ultrasound guidance can assist in selecting a pocket 
of fluid, particularly in chronic cases. Synovial fluid anal¬ 
ysis may be normal (particularly in chronic cases), ser¬ 
ous, or hemorrhagic (particularly in accessary carpal 
bone fracture); a modified transudate may be noted (in 
mild irritation of tendinitis or osteochondroma); or in¬ 
flammation may be detected (tenosynovitis or septic te¬ 
nosynovitis). 


Treatment 

The use of intrasvnovia 1 corticosteroids injected into 
the carpal canal provides only temporary relief from 
signs of lameness 1 'and should he used only after radio¬ 
graphs and ultrasound have ruled out fracture or tendini¬ 
tis or desmitis. Local corticosteroids arc probably most 
beneficial for acute injuries that have an active inflamma¬ 
tory component and have a chance to recede to normal 
sheath dimensions. 

In cases in which an acute fracture of the accessory 
carpal bone has been sustained, the use of internal fixa¬ 
tion may preclude the development of the carpal canal 
syndrome. 5 Most accessory carpal bone fractures will 
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Figur* 8,279 Two ASIF bone screws used to repair a fracture 
of the accessory carpal bone. Arrows point to the separated 
fracture. (Courtesy of T, S Stashak ) 


First, the carpal flexor retinaculum is incised to remove 
the bone, which may provide some relief from pain. Also, 
there may be a long-term deleterious effect on removal 
of the piece of fractured bone because of the loss of sup* 
port from the ulnaris lateralis and flexor carpi ulnarts 
muscles. Carpal hyperextension and carpal arthrosis 
has r e been experimentally produced with a similar surgi¬ 
cal technique. Thus the procedure is not currently rec¬ 
ommended. 

Ulnar neurectomy has been suggested for pain relief, 
which allows the horse with a fractured accessory carpal 
bone to return to work. 11 Theoretically this neurectomy 
removes pain emanating from the fracture site alone and 
has little effect on the chronic synovitis or constriction 
produced by carpal canal syndrome, if it were to develop. 
Ulnar nerve blocks do not usually eliminate lameness in 
horses with accessory carpal bone fracture, so the effec¬ 
tiveness of neurectomy is expected to be only partial. 4 
Unfortunately, the frequency of the carpal canal syn¬ 
drome associated with fracture of the accessory carpal 
hone has not been defined, but it is consistent enough 
that this technique may not he of much value when used 
alone. 

In comminuted fractures or fractures with an articular 
fragment at the articulation with the antebrachiocarpal 
joint, arthroscopic surgery or arthrotomy into the pal¬ 
mar pouch of the antebrachiocarpal joint can he per¬ 
formed to remove the articular piece. Any remaining 
fractures can heal conservatively. 8,4 


Prognosis 

The prognosis for athletic function with accessory 
carpal bone fracture is good, but if carpal sheath disten¬ 
sion accompanies the fracture, the prognosis is more 
guarded. The incidence of carpal sheath distension ac¬ 
companying accessory carpal bone fracture is reported to 
be low. 4 Good success has been noted for experimentally 
created vertical fractures of the accessory carpal bone 
repaired acutely, or within 21 days, using interfragmen¬ 
tary compression. 5 The prognosis with conservative 
treatment is reported as good. In one study, 11 of II 
horses with accessory carpal bone fracture that was 
treated conservatively with stall rest were sound at the 
6-month to 11-year follow-up and 7 were in competitive 
activity.” Reasonably good results can also be expected 
for the cases in which carpal canal syndrome develops 
with resection of the carpal flexor retinaculum. Rest 
alone may suffice in some cases in which the perceived 
future activity is light to moderate work or breeding 
status. 
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Pan VI 


THE FOREARM (ANTEBRACHIUM) 

Ted S. Stash ak 


OSTEOCHONDROMA FORMATION AT THE 
DISTAL RADIUS (SUPRACARPAL 
EXOSTOSES) 

Osteochondroma (GC) formation at the dista! end of 
the radius is an uncommon condition causing lameness 
in the horse. 5 " 7 * 11 The growth most commonly occurs 
in adult horses adjacent to the physis at the caudal distal 
aspect of the radius. The cranial aspect of the radius 
can also (rarely) be involved (Fig. 8.280). Radiographi¬ 
cally and histologically these new bone grow ths appear 
much like those reported for hereditary multiple exosto¬ 
sis. However, unlike hereditary multiple exostosis the 
growths appear as singular lesions or affect only a few 
other long bones. Hereditary multiple exostosis, on the 
other hand, is reported to affect numerous growing 
bones (see Chapter 6). Solitary OCs have also been re¬ 
ported in two foals. In one, the distal palmar aspect of 
the middle phalanx was affected, and in the other, the 
calcaneus was involved. 1,2 

Causes 

Although a single dominant autosomal gene is respon¬ 
sible for the development of multiple exostosis in hu¬ 


mans and horses,* the genetic implications for isolated 
OC remains unclear. In humans, solitary OCs are not 
considered to be inherited.' 1 It is postulated that meta- 
plaStic cartilage foci develop in the meraphysis and distal 
diaphysis from abnormal growth of the periosteum. As 
the cartilage grows it undergoes endochondral ossifica¬ 
tion similar to that occurring at the physis. When the 
dev eloping exostosis is continuous with the cortex of the 
bone and surrounded by a cartilage cap, it is called an 
osteochondroma (Fig. 8.281). 


Affected horses often present with a historv of inter¬ 
mittent lameness that increases with exercise. An ob¬ 
vious swelling of the carpal canal sheath cranial to the 
ulnaris lateralis is often present (Fig. 8.282). In some 
cases, the swelling can be extensive (Fig. 8.283), At exer¬ 
cise, a moderate lameness (grade 1 to 2 out of 5) is com¬ 
monly observed.** Palpation of the caudodistal aspect of 
the radius with the limb held flexed at the carpus some¬ 
times allows the examiner to feel the bony protuberance. 
Deep palpation of the site is often painful, resulting in 
limb withdrawal from the pressure. The range of carpal 
flexion is usually less than normal, and considerable 


Signs 





Figure 8.280 A Lateral intraoperative view of a horse wilh 

intermittent tameness of 1-year duration that would increase with 
exercise, causing the crania! surface of the distal anlebrachium to 
become swollen. Note the OC on the cranial surface of the distal 
radius (arrow). B The cross-sectional ultrasound view reveals that the 
OC projects into the tendon of the extensor carpi radtalis muscle 
(arrows). 
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Figure 8.281 Histologic examination reveals a cartilage cap 
(tong arrows) and an underlying bone formation extending to the 
base of the OC (short arrows). 



Figure 8.282 Carpal canal distension at the distal caudal 
radius (arrow) typically seen with OC. 

pain is elicited with rapid carpal flexion. A carpal flexion 
test usually exacerbates the lameness. 

Diagnosis 

Radiography is necessary to diagnose the condition 
and its location. In most cases, the OC is located on the 
caudomedial aspect of the distal radius adjacent to the 
physis; however, smaller OCs have been observed on 
the caudolateral aspect of the distal radius as well (Fig. 
8.284). Radiographically, these lesions appear as a coni¬ 
cally shaped bony protuberance with an outer cortex and 
inner medullary cavity (Fig. 8.285), The size of the OC 
and degree of ossification are variable. Ultrasonography 
can also be used to determine the presence of deep digital 
flexor tendinitis (Fig. 8.286). 12 



Figure 8.283 The carpal canal distension at the distal caudal 
radius (arrows) may be extensive with solitary OC 



Figure 8.284 Lateral view of the horse shown in Figure 8.283. 
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Figure 8.285 Top Typical appearance ol an osteochondroma 
(magnified) Bottom Note the distinct outer cartilage cap. the 
cortical bone, and the medullary cavity. 



Figure 8.286 On ultrasound, the longitudinal view of the distal 
caudal radial metaphysis reveals a projection of bone (horizontal 
arrow) that is putting pressure on the deep digital flexor tendon 
(vertical arrow). 


Treatment 

Even though the instillation of corticosteroids into the 
tendon sheath will temporarily resolve the tenosynovitis, 
the clinical signs usually reoccur . 11 Presently, surgical 
excision of the OC is the treatment of choice and is cura¬ 
tive in most cases. Although excision of the OCs via an 
open lateral or medial approach has been described, 3 * 6 ' 7 
an endoscopic technique is currently recommended.''* 10 
Both lateral and medial endoscopic approaches have 


Figure 8.287 Arthroscopic view of an OC (arrow) Note the 
small osteotome pointing toward the base ot the OC. 

been described. I prefer the lateral approach because of 
the lower risk of iniury to the medially positioned me¬ 
dian artery, vein, and nerve; furthermore, it is technically 
easier to manipulate the scope and instruments without 
interference from the opposite limb. A brief description 
of the lateral endoscopic approach follows. 

With the affected limb placed uppermost, the carpal 
sheath is distended with 20 mL sterile isotonic polyionic 
fluid. Next, the arthroscopc is inserted into the proximal 
aspect of the carpal canal through a stab incision located 
3.5 cm proximal to the distal radial physis between the 
tendons of the lateral digital extensor and ulnaris later¬ 
alis muscles. Once the arthroscope is in the carpal canal, 
the sheath is distended with fluid and the OC is readily 
identified (Fig, 8.287). 

The exostosis is removed from its attachment to bone 
at the base with an osteotome placed through a small 
portal distal to the arthroscopic portal. After the OC is 
removed, the bone bed is curetted, the sheath is lavaged, 
and the portals arc closed routinely. 

Postsurgery, support pressure bandages are applied 
and maintained for 2 weeks. Stall rest is recommended 
for 6 weeks, with hand-walking exercise beginning after 
the 3rd week. In most cases, the carpal canal distension 
resolves without further treatment; however, sometimes 
intrasynovial treatment with anri-inflammarory agents 
are required. 

Prognosis 

The prognosis for surgical excision of solitary OCs is 
good for return to performance. In one report, two 
horses were free of lameness and had no apparent disten¬ 
sion of the sheath after 1 and 2 years/' In another report, 
one horse at the 4-month follow-up was free of lameness 
and had no swelling in the carpal canal. 10 No lameness 
has been observed in two other cases at the 4- and 12- 
year follow-up, respectively, and the bone excision sites 
remained nonreactive radiographically. 
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SPRAIN (DESMITIS) OF THE ACCESSORY 
LIGAMENT (RADIAL OR SUPERIOR CHECK 
LIGAMENT) OF THE SUPERFICIAL 
DIGITAL FLEXOR TENDON 

The accessory ligament of the superficial digital flexor 
tendon (AL-SDFT) is a strong, fibrous band that origi¬ 
nates from the distal caudomedial surface of the radius 
and joins the SOFT at that level. 4 Until recently, sprain to 
the AL-SDFT was poorly defined, and many conditions 
associated with the caudal aspect of the radius and car¬ 
pus were attributed to it, including the following: 4, 

• Lowering of the angulation of the accessory carpal 
bone (Fig. 8,288) 

• Enthesiophyte formation at the distal caudomedial as¬ 
pect of the radius (Fig. 8,289) 

• Cranial displacement of the proximal end of the radius 

• Alterations in the anrebrachiocarpal (radiocarpal) 
joint capsule on its dorsal surface 

With the advent of ultrasound, it w*as possible to define 
a sprain of the AL-SDFT more clearly.* 1 ' The condition 
occurs most commonly in young adult horses with a high 
level of physical activity. In one report on 23 horses wirh 
abnormal ultrasonographic findings in the AL-SDFT, 11 
were racehorses, 9 were sport horses, and the remaining 
were pleasure or instruction horses. 2 

Causes 

Presumably, extreme hyperextension of the fetlock in 
conjunction w ith hyperextension of the carpus can cause 
a sprain of the AL-SDFT. 6 * 

Signs 

Affected horses have a history of starting races and 
workouts quite well but are reluctant to sprint out fully. 



Figure 8.288 A change in the angulation ot the accessory 
carpal ; >one (arrow) was once thought to be associated with sprain 
o< the AL-SDFT 


Rarely do they attain their previous performance lev¬ 
els. 4, A ' ivible swelling of the carpal sheath is observed 
in some cases. At a walk, affected horses demonstrate a 
gait impediment characterized by a lateral floating place¬ 
ment of the foot just before it contacts the ground. Fur¬ 
thermore, the toe and heel are placed on the ground at 
the same time, much like when a horse walks down an 
incline. In a review of 50 cases, this gait alteration w r as 
most commonly observed with radiographic lesions on 
the caudomedial distal aspect ot the radius associated 
with the origin of the VI thg. 8,289), 4 In acute cases, 
the carpal sheath is frequently distended and is painful 
to some degree to digital palpation. 4 Simultaneous 
trauma to the SOFT may also occur, resulting in a painful 
swelling. 

Diagnosis 

Radiographs of the caudal aspect of the distal end of 
the radius arc usually negative in acute cases. However, 
in chronic cases, they may reveal enthesiophytes associ¬ 
ated with the attachment of the AL-SDFT (Fig. 8.289). 
In one study, radiographs w-crc taken of IS horses with 
abnormal ultrasonographic findings of the AL-SDFT; 
only 4 horses had an abnormal profile at the caudal distal 
aspect of the radius and 14 were considered normal. 4 
These findings underscore the value of an ultrasound 
examination for the diagnosis of desmitis of rhe AL- 
SDFT. 
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palpation, the regional feels firm and warm compared 
to the opposite limb, and digital pressure usually elicits 
a painful response. With time, the affected region usually 
feels firmer and may become cold, presumably indicating 
a reduction in blood flow. Passive flexion and extension 
are also usually painful. The pulse pressure in the digital 
arteries may be normal or reduced on initial examination 
and may decrease with time. Skin sensation over the af¬ 
fected region and the distal limb may be diminished, but 
this is often difficult to interpret because of the horse’s 
general unresponsiveness, except to deep pressure and 
manipulation, 

Diagnosis 

Although intracompartmental pressures can be mea¬ 
sured, the diagnosis or AFCS is usually made from clini¬ 
cal signs alone. 1,4 This is supported in human studies 
in which direct palpation of a tense compartment in the 
presence of supportive signs strongly indicates compart - 
menta) syndrome. 1 * 2 * 5 ' 6 Stated another way, the determi¬ 
nation of intracompartmental pressure may be unneces¬ 
sary or may only confirm the clinical diagnosis. 1 * 6 
Radiographs should be taken of the region to rule out a 
fracture of (he radius. 

Treatment 

Mild cases have been treated successfully with 
NSAIDs, cold therapy followed by warm therapy, rest, 
and controlled exercise. Flunixin meglumine (Bcnamine; 
1.1 mg/kg IV) is recommended initially because of its 
relatively immediate effect. Phenylbutazone (4.4 mg/kg 
PO) is given as needed. Cold treatment can be effective 
in reducing inflammation. It is begun as soon as possible 
and is most beneficial when used within the first 48 hours 
after injury. There are many approaches to cold therapy, 
but ice and water in a plastic bag (ice-water slurry) at¬ 
tached to limb with a light wrap appears to be effective 
in rapidly deep cooling the tissue. Warm therapy can 
begin after 48 hours and is generally continued for 6 to 
10 days, depending on the case. Hand-walkmg exercise 
can begin when the lameness has resolved significantly, 
usually within 4 to 5 days. 

Cases that do not respond to conservative treatment 
arc candidates for a fasciotomy over the flexor muscles 
of the antebrachium. The surgery can be done in the 
standing sedated horse using local anesthesia or while 
the horse is under general anesthesia. A 30-cm skin inci¬ 
sion is made over the caudolateral aspect of the antebra¬ 
chium to gain access to the superficial fascia overlying 
the ulnaris lateralis muscle. Once the fascia is exposco, 
it is incised for the entire length of the skin incision. The 
fascia readily separates, and the muscle bulges from the 
incision. The fascial incision is then extended proximal 
and distal as needed to accomplish the decompression. 

Generally, an increase in the digital arterial pulse pres¬ 
sure is apparent immediately after the fasciotomy is com¬ 
plete. Suture closure of the subcutaneous tissue and skin 
is routine, and a bandage is placed to apply mild pressure 
and to protect the wound. A reduction in lameness is 
obvious immediately on recovery from sedation and/or 


anesthesia. Hand-walking exercise can begin the day 
after surgery and is increased according to the horse’s 
response to treatment. 

Prognosis 

The prognosis for mild cases of AFCS that are treated 
conservatively is generally good for return to perfor¬ 
mance within 6 to 12 weeks. However, I diagnosed a 
chronic fibroric myopathy of the flexor muscles of the 
antebrachium in a horse that had a history consistent 
with a AFCS, The prognosis for horses requiring surgery 
also appears good. In one report on two horses with 
AFCS that were treated with fasciotomy, both horses 
returned to their intended use. 
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FRACTURES OF THE RADIUS 

Fractures of the radius are relatively common m the 
horse. In a review of 797 fractures in army horses, frac¬ 
ture of the radius represented 14% of all fractures. 2 ' In 
another series of 3000 fracture cases, fracture of the ra¬ 
dius ranked fourth in frequency and represented 8% of 
all the fractures recorded. 1 Fractures of the diaphysis 
can be transverse, oblique, comminuted, complete or in¬ 
complete (including stress fractures), displaced or non- 
displaced, or open or closed; they can occur anywhere 
ajong the diaphysis of the radius (Fig, 8.290). 1,B-1 ‘ U2, 
27,28 Complete fractures can be either displaced or non- 
displaced, whereas incomplete and stress fractures are 
nondisplaced. 

Fractures involving the physis occur at the proximal 
and distal extremity of the radius and are classified using 
the Salter-Hamsclassification system (see Chapter 6). In 
a retrospective study on 47 radius fractures, comminuted 
fractures were most common (21 cases), followed by 
oblique fractures l 12), transverse fractures (7), and phy- 
seal fractures (7).“ 

Complete displaced fractures of the radius are more 
common than nondisplaced radial fractures 4 and stress 
fractures. Stress fractures most commonly involve the 
midshaft of the radius, which is the area of peak stress 
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Figure 8.295 A. Cranial-caudal view of the horse shown in 
Figure 8.293 1 week after injury Note the commtnuted fracture of 
the distal radius (arrows) and the abnormal angulation of the 
radius at the fracture site B Lateral view illustrating the fracture 



and a targe butterfly fragment at the caudal cortex (arrow). C. The 
limb was ptaoed under traction to property align the radius. 0. Two 
translation pms were placed in the proximal radius, after which a 
full-limb cast was applied that incorporated the pins 
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Figure 8.301 At the 4 5-month follow-up. good healing is noted 
tor a fracture repaired with two bone screws by the principle of 
mterfragmentary compression. 


tis. Nondisplaced fractures can be treated conservatively 
with rest and controlled exercise. However, there is a 
risk of developing a subchondral bone cyst, particularly 
when the proximal epiphysis is involved. 10 


Prognosis 


The prognosis for displaced radial fractures depends 
on the age and weight of the horse, its temperament, and 
the fracture type. In one report of 47 cases of radial 
fractures, successful treatment (82%) occurred only in 
horses less than 2 years of age.” Although there are a 
few reports of successful treatment w ith internal fixation 
of displaced radial fractures in mature horses, 3 " 5 * 10 * 24 
generally adults that sustain displaced fractures have an 
unfavorable prognosis for survival no matter w hat treat¬ 
ment is selected.' , ' 22 * 2 4 In one report documenting the 
outcome in adult horses weighing more than 300 kg and 
presenting with radial fracture, 9 of 15 were treated w ith 
internal fixation and only 2 horses were discharged from 
the hospital to resume their former activities. 3 In another 
report, internal fixation was attempted in 6 adult horses 
and none survived. 2 * Reasons for nonsurvival included 
primary implant failure, infection causing implant fail¬ 
ure, and support limb laminitis. Comminuted fractures 
were associated with the highest incidence of fatal com¬ 
plications. 

Displaced closed simple fractures of the radius in foals 
have a favorable prognosis. Physeal and transverse mid- 
diaphyseal fractures have an excellent prognosis. In one 
report two foals with Salter-Harris ty pe 1 and 2 proxi¬ 
mal physeal fractures and six (of seven) foals with mid- 
diaphyseal transverse fractures were treated success¬ 
fully." Treatment of proximal oblique fractures in three 
of four foals also had an excellent outcome. 


Nondisplaced complete and incomplete fractures ap¬ 
pear to have a good prognosis with conservative treat¬ 
ment. In three reports on four horses with nondisplaced 
open radial fractures, two horses resumed full work and 
the other tw'o horses were able to return to light 
work. 1 * 4 * 14 In another report on two mature horses with 
complete radial fractures (one nondisplaced, one dis¬ 
placed) involving the distal radius, both horses re¬ 
sponded favorably to bandage splinting and both re¬ 
turned to work. 21 Although no report on the outcome 
of stress fractures of the radius could be found, it is rea¬ 
sonable to expect a good outcome if the diagnosis is 
made, the horse is rested properly, and healing is assessed 
by nuclear medicine before the horse returns to w'ork. 
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Part VII 


THE ELBOW 

% 

Ted S. Stashak 

FRACTURES OF THE ULNA 

The ulna is one of the most commonly fractured long 
bones in the horse. 5 ’*’ 1 *** 22,27 ’ 28 In one report, fractures 
of the ulna accounted for 5.2% of all equine fractures 
seen over a 30-year period. 14 Although horses of any age, 
size, and breed can be affected, younger horses appear to 
be at greater risk. 8 . 9 , 22 . 2 s j n a retrospective study of 43 
horses with ulnar fractures, 79% occurred in horses 

J 'ounger than 2 years of age s The fracture can be articu- 
ar or nonarticular, simple or comminuted, open or 
closed, and distracted or nondistracted.* Ulnar fractures 
are classed as types 1 to 6 (Fig. 8.302). 

Type 1 and 2 fractures follow the Salter-Harris classi¬ 
fication and involve the growth plate (physis of the ole¬ 
cranon tuberosity f in immature horses, usually less than 
12 months of age.* Type I involves the physis with sepa¬ 
ration and may include appreciable distraction of the 
bony epiphysis (Salter-Harris type 1) (Figs. 8.302 and 
8.303), Foals less than 3 months old are predisposed to 
this type of fracture. 22 Type 2 fractures extend through 
the caudal half to two-thirds of the physis and course 
distad to enter the humeroradial joint adjacent to the 
anconeal process (Salter-Harris type 2) (Figs. 8,302 and 
8.304). 4,5 * 8 ’ 4 ’ 14 This type of fracture occurs most com¬ 
monly in weanlings ana yearlings.' 2 Closure of the prox¬ 
imal ulnar physis is not radiographically complete until 
27 months; however, growth is markedly slowed be¬ 
tween 15 and 18 months of age. 2,1 *’ 26 As the growth 
plate disappears, there is a reduced incidence of type 1 
and 2 fractures and an increase in fractures that involve 
the diaphysis. 

Type 3 to 6 fractures involve the diaphysis of the ole¬ 
cranon. The fracture can be simple or comminuted, artic¬ 
ular or nonarticular, complete or incomplete, open or 
closed, and distracted or nondistracted (Figs. 8.302 and 
8.305 to 8.307). 8 Most fractures in adults are articular, 
complete, and moderately displaced (distracted). 7 "*’ 1 *’ 2 * 
Fracture distraction occurs from tension produced by the 
triceps muscle. The degree of distraction depends on the 
extent and level of the fracture in the ulna. Generally, 
fractures distal to the level of the radiohumeral articula¬ 


tion (type 6) tend to be minimally displaced owing to 
the radioulnar interosseus ligament attachments. Frac¬ 
ture separation tends to he greater on the caudal cortex 
of the ulna because the cranial intraarticular portion of 
the fracture is better secured by the humcroulnar liga¬ 
ments and joint capsule (Fig. 8.308 ). 22 Rarely, adult 
horses can develop radiohumeral luxation in combina¬ 
tion with an ulnar fracture, or fracture of both the ulna 
and the radius. 2 ' 7,,, ’ , * 

Causes 

Type 1 and 2 fractures in juveniles may result from 
direct-impact trauma or from tensile overload of the tri¬ 
ceps apparatus from sudden falls, bucking, and galloping 
to keep up with the marc. In adults, direct trauma to the 
elbow is generally the cause, and a kick by another horse 
is most common. Other causes include falls, penetrating 
wounds, and missteps made bv a horse running at 
speed. 1 ’ 1,14 ’ 2 *’ 25 

Signs 

Horses generally present with a history of being 
acutely non-weight-bearing lame. If the fracture is dis¬ 
placed (distracted) from the pull of the triceps muscle, 
the horse stands with the elbow dropped (dropped 
elbow) and the carpus flexed and is unable to weight 
bear on the affected limb (Fig. 8.309). In contrast, horses 
with nondisnlaced (nondistracted) fractures may initially 
appear to nave nnn-wcight-bcanng lameness with a 
dropped elbow appearance, only to have the lameness 
subside rapidly, allowing the horse to become progres¬ 
sively more weight bearing on the affected limb (Fig, 
8.310). The initial nun weight bearing and dropped 
elbow are presumably the result of pain. 

Visually, the affected elbow region is swollen on the 
caudal surface (Fig. 8.310). The extent of the swelling 
and lameness generally indicate the magnitude of the in¬ 
jury and the complexity of the fracture. Heat, pain with 
pressure, and—most important—swelling are noted on 
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Type 1 


Type 2 


Type3 



Type 4 Type 5 Type 6 


Figure 8.302 Classification of equine uinar fractures. 
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olecraron process Note the separated epiphysis (arrow) Figure 8.305 A transverse fracture of the olecranon that enters 

the elbow joint (arrow). 






Figure 8.306 An articular fracture at the proximal end o‘ the 

olecranon tuberosity. 


Figure 8.304 Lateral view of a minimally displaced chronic 
Salter-Hams type 2 fracture of the olecranon process. 
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Figure 8.307 Lateral view of a nonarticular fracture of the ulna 
distal to the elbow joint. 



Figure 8.308 A fracture of the ulna that courses caudodistad 
from the elbow joint (arrows). 




Figure 8.309 A The dropped etbow appearance. B Lateral 
view of the foal shown in panel A, revealing a comminuted 
minimally displaced type 3 fracture of tt>e ulna 


I 
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Figure 8.310 Shortly after injury, this toal was non-weight* 
bearing lame with a dropped elbow appearance. Just 2 days later, 
it was able to bear some weight on the affected right foreltmb. 

Note the swelling in the elbow region (arrow). The diagnosis was a 
nondisplaced fracture of the ulna. 


palpation. For nondisplaced fractures of several weeks' 
duration, the most localizing sign may be swelling of the 
elbow region (Fig. 8.311). Limb manipulation, however, 
usually remains painful. When the swelling is marked, 
fracture of the ulna must be differentiated from fracture 
of the distal humerus, fracture of the proximal radius, 
and sepsis of the elbow joint. 2 " 1 Because many olecranon 
fractures are caused by a kick, wounds over the fracture 
site arc common. 

Diagnosis 

Diagnosis is based on appearance of the affected limb, 
palpation and manipulation, and radiographic examina¬ 
tion. Although most fractures of rhe olecranon process 
can be diagnosed from the lateral view, both mediolat- 
eral and craniocaudal radiographs should be taken to 
identify the fracture configuration. This is important be¬ 
cause the specific fracture configuration often dictates 
the repair technique to be used. In young foals, a flexed 
(stressed) lateral radiographic view may be needed to 
identify a Salter-Harris type 1 fracture of the olecranon 
process. 2 ' In some of these cases, it may also help to 
radiograph the opposite elbow to confirm the diagnosis 
and document the degree of displacement (Fig. 8.312). 
Since concomitant injury to radius with ulnar fractures 
is common in young horses, particular attention should 
be paid to the proximal radial phvsis, which may also 
be fractured. 2 ' 


Treatment 



Selection of treatment depends on the age of the horse 
and the characteristics of the fracture (classification, lo¬ 
cation, distracted or nondistracted). 3 ' 5 ’ 20 " 22 " 2 ' Generally, 
only nondistracred or minimally distracted nonarticular 
(types 1 and 4) ulnar fractures (Figs. 8.307 and 8.312) 
and fractures involving the distal semilunar notch (type 


Figure 8.311 A, Although shortly after injury to the right 
foreltmb this foal was non-wetght-beanng lame, 3 weeks later rt 
can bear weight comfortably, although the heel of the hoof is 
slightly higher on the right limb. B. Caudolateral view of the nght 
foreltmb reveals an obvious swelling of the caudal elbow region 
(arrows). Figure 8.304 for a radiographic study. 
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Figure 8.312 A, Lateral view of the right elbow regton in a foal view of the left elbow region Note the displacement (cranlad and 
with nor-weight-beanng lameness caused by a kick. Note the proximad) of the epiphysis (arrow), 

position of the epiphysis (arrow) in the unaffected limb. B Lateral 


6) of the elbow joint should be treated conservatively. 5 ’ 2 * 
Conservative treatment usually includes bandaging and 
securing a splint to the caudal aspect of the limb for some 
time and absolute stall rest for 6 to 8 weeks (Fig. 8.313). 
Occasionally, for a nondisplaccd or minimally displaced 
comminuted articular fracture that is not amenable to 
internal fixation or when there are economic constraints, 
a young horse may respond favorably to conservative 
treatment (Fig. 8.314), The application of a bandage 
with a polyvinyl chloride (PVC) pipe splint secured to 
the caudal aspect of the limb helps prevent further dis¬ 
traction of the fracture, allows the horse to bear weight 
on the affected limb, and generally makes the horse more 
comfortable. The affected limb should be radiographed 
periodically to check for further separation or displace¬ 
ment of the fracture fragments. If the fracture becomes 
displaced, internal fixation should be considered. 

Complications associated w ith conservative manage¬ 
ment include contralateral forelimb angular deformity 
in young horses, flexure deformity of the affected limb 
when bandaging and splinting are not used, degenerative 
joint disease (DJD) of the affected elbow joint, and non¬ 
union owing to distraction of the fracture fragments. 2 - 2H 

Horses that have sustained comminuted, articular, or 
distracted fractures of the ulna and olecranon process 
respond best to internal fixation. In adults and large im¬ 
mature horses (older than 6 months), bone plate applica¬ 
tion using the tension band principle is usually best. 
Foals and weanlings (younger than 6 months) may be 
treated with a combination of screws/pins and wires, ten¬ 
sion band wires alone, or an Arbeitsgemeinschaft fur 
Ostcosynthescfragen/Association for the Study of Inter¬ 
nal Fixation (AO/ASIF) hook p | atc >*-M<U<Uuu<U7 
Bone plates arc applied to the caudal aspect of the olecra¬ 
non process and uina to counteract tension of the triceps 



Figure 8.313 Bandaging and a PVC pipe splint applied to the 
caudal foteiimb from the proximal antebrachium to the level of the 
heel bulbs. 
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Figure 8.316 Repair of a transverse fracture of the otecranon 
with an ASIF bone plate (Courtesy of A S Turner) 



Figure 8.317 A bone plate was bent at its proximal limits to 
cover the top of the fractured olecranon process in a foal with a 
type 2 fracture. Note the screws do not penetrate the caudal 
cortex of the radius. 


mal on the olecranon process, it may help to chisel off 
the caudal eminence of the process or distal fragment 
wirh an osteotome to make a flarter surface on which the 
hone plate can he seated. 2 If the fracture is sufficiently 
proximal to warrant contouring the plate over the proxi¬ 
mal aspect of the olecranon tuber, the fibers of the triceps 
attachment are carefully separated on the midline with 
minimal ahaxial reflection (Fig. 8.317). If a hook plate 
is used, the hook is directed through a longitudinally 


oriented stab incision made in the tendon of the triceps 
muscle over the proximal fragment. In most cases, a nar¬ 
row DCP is used; a broad DCP is reserved for large adults 
that arc heavier than 500 kg,* 2 For adults, 5.5-mm corti¬ 
cal screws arc preferred over 4.5-mm screws. 2 '' In imma¬ 
ture animals, 4.5-mm screws and occasionally 6.5-mm 
cancellous screws are used to provide belter fixation in 
the soft bone of the olecranon. In adults, at least three 
screw's proximal and four screws distal to the fracture 
provide ideal fixation. 22 

Fracture reduction is usually accomplished without 
difficulty. Intcrfragmental compression may be used 
through the plate for oblique fractures. Compression for 
other fractures can be applied wirh the initial two screws 
in the DCP or by a tension device applied to the distal 
aspect of the plate, unless the fracture is highly commi¬ 
nuted. I tighty comminuted fractures are likely to col¬ 
lapse with compression and should be plated using a 
neutralization technique and single lag screws placed in 
other planes. 22 Good anatomic reduction of the fracture 
and anconeal process provide the best end result. The 
anconeal process should articulate as perfectly as possi¬ 
ble with the humeral condyles; if it docs not, a poor 
result can he expected. 11 In a limited number of cases, the 
anconeal process was removed to improve the prognosis, 
but the long-term effects of this arc unknown. 11,22 

Screw's placed below the humeroradial joint in horses 
younger than 2 years old engage the caudal cortex of the 
radius but do not have to penetrate the cranial cortex. 
In young horses (less than 18 months), screws should 
not penetrate the caudal radial cortex if possible, as con¬ 
tinued growth of the proximal radius may lead to an 
abnormal development (subluxation) of the elbow joint 
and DJD (Fig. 8.316). Studies indicate that, although 
growth of the proximal radial physis is slowing at 12 
months of age, it does not cease until after 18 months. 2 * 
In fact, on average the equine radius grows another 8 
mm after the animal is 12 months of age. Therefore, if 
screws engage the radius, the implant must be removed 
in many yearlings. 

Comminuted fractures arc reconstructed to reestab¬ 
lish the congruency of the articular surface and triceps 
function. Additional lag screws, placed lateral and me¬ 
dial, and (rarely) another bone plate may be required to 
reduce and stabilize the fracture fragments adequately. 22 

Distracted type l or 2 physeal fractures of the olecra¬ 
non tuberosity pose a special surgical problem because 
they do not respond well to conservative treatment and 
can be difficult to treat surgically. 4,5,20 Attempts at con¬ 
servative treatment have resulted in contralateral (oppo¬ 
site limb) angular limb deformity before weight bearing 
occurs in the affected limb. Internal fixation that relies 
on bone plates and screws has provided variable results 
in foals less than 3 months of age, ow'ing to the small 
size of the proximal fragment. 4,20 However, a bone plate 
bent to cover the proximal aspect of the olecranon tuber¬ 
osity was used successfully to repair these types of frac¬ 
tures in 5- to 8-month-old horses (Fig. 8.316B). 11,21,24 
In one reporr, bilateral comminuted type 2 fractures were 
treated successfully using the bent plate technique. 2 '’ 
Hook plates have also been used with a high degree of 
success in foals ranging from 2 weeks to 6 months of 
age. 21 
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Figure 8.320 A Cranial-caudal view of a 
complete luxation of the elbow B Lateral view of the 
same horse. C. Note the extensive articular cartilage 
damage involving the lateral condyle of the distal 
humerus {right arrows! and the proximal radius (left 
arrows). Both collateral ligaments had ruptured. 





















ated with a concomitant fracture of the proximal radius, 
a separation of the radius and ulna, and/or a fracture of 
the olecranon.*’ 7 Occasionally, an elbow joint luxation 
occurs and the radius and ulna are intact. 2 

Causes 

Severe limb abduction, as would occur when a foot 
is caught fast (c.g., under a fence) is reported as a com¬ 
mon cause of subluxation. 1,6 In addition, elbow subluxa¬ 
tion may occur after injury during a polo match. Luxa¬ 
tions usually result from a fall. 2 

Signs 

Subluxation of the elbow joint results in swelling in 
the axilla and an initial non-weight-bearing lameness. 
Digital pressure on the medial side of the elbow region 
and limb manipulation, particularly abduction, usually 
elicits a painful response. Limb abduction may also re¬ 
veal an instability or looseness of the joint on the medial 
side. 1 As time passes, the swelling and localizing signs 
associated with the elbow region become less obvious in 
horses that sustain partial rupture of the medial collat¬ 
eral ligament. In these cases, swelling usually can be pal¬ 
pated on the medial side of the joint; synovial distension 


or capsular thickening can be palpated laterally; and 
lameness remains prominent, ranging from grade 2 to 
grade 3 (out of 5). Upper limb flexion usually remains 
painful, and a flexion rest often exacerbates the lame¬ 
ness. 

Luxation of the elbow joint results in extensive swell¬ 
ing and pain on manipulation of the elbow region. 
Horses are generally unable to extend the limb to bear 
weight. 2 A dropped elbow appearance (the elbow of the 
affected limb being held lower than the contralateral 
elbow) may be noted. 

Diagnosis 

Although the clinical signs generally localize the prob¬ 
lem to the elbow region, the definitive diagnosis is made 
on radiographic examination (Figs. 8.319 and 8.320). 
Chronic cases of subluxation may exhibit evidence of 
arthritis, and enthesiophytes may develop in the injured 
medial collateral ligament. 

Treatment 

Conservative management—consisting of stall rest 
for 9 to 12 weeks, the administration of nonsteroidal 
anti-inflammatory drugs (NSAIDs), and controlled exer- 
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contents are then removed with a curette. After enucle¬ 
ation of the cyst, forage can be performed with a 2.0- 
mm drill bit. 

Suture closure of the wound is routine, except that 
the deep fascia overlying the neurovascular plexus is not 
closed. If it were closed, it could result in a compart men¬ 
tal syndrome, which could induce a neuropraxia. A stent 
bandage is sutured over the incision line. Recovery from 
anesthesia should he controlled to reduce the chance of 
a fracture at the site of the enucleation of the cyst in the 
radius. 

After surgery, the horse is confined to a box stall for 
2 weeks, at which time hand-walking exercise is begun 
and continues for the following 2 months. Box stall con¬ 
finement is continued until there is radiographic evidence 
of marked reduction in the size of the cystic cavity. 1 

Prognosis 

The prognosis appears good for conservative treat¬ 
ment of SOCs as long as there is no radiographic evi¬ 
dence of DJD. As noted earlier, in one study, 6 of 7 
conservatively treated horses with SOCs returned to 

w * 

their intended use." The use of intraarticular injections 
of hyaluronic acid seem to be important to the outcome. 
If the horse does not respond to the conservative treat¬ 
ment and remains lame, surgery can be considered. 

The outcome of surgery done on 3 horses with SOCs 
resulted in 2 horses returning to their intended use and 
1 sustaining a comminuted fracture of the radius during 
recovery from anesthesia. 1 Data are lacking for the out¬ 
come of subchondral defects, but experience with a lim¬ 
ited number of cases is that conservative treatment can 
result in a favorable outcome if enough rest is given. 
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BURSITIS or THE ELBOW (OLECRANON 
BURSITIS) 

The common names for bursitis of the elbow arc shoe 
boil and capped elbow, 1,A Bursitis at the point of the 
elbow is most commonly observed in draft breeds; lighter 
horse breeds are affected less frequently. 15 Contrary to 
this is one report on 10 horses with olecranon bursitis; all 
were light horse breeds (9 Quarter Horses and 1 Pinto). 5 
Although the condition primarily affects one elbow, it 


has been observed to occur bilaterally. 1 The characteris¬ 
tic movable swelling over the point of the olecranon tu¬ 
berosity develops from trauma, which in turn creates an 
acquired (false) subcutaneous bursa. Once formed, the 
bursa becomes iined^ with a membrane that produces a 
synovial-like fluid. 4. The fluid in the bursa differs from 
joint synovial fluid in its viscosity and mucin clot, sug¬ 
gesting differences in quality or quantity of hyaluronic 
acid.‘ Acquired bursae are structurally identical with 
congenital bursae. 

Chronic bursitis is characterized by the accumulation 
of bursal fluid and thickening of the bursal wall by fi¬ 
brous tissue. Fibrous bands and septa may develop in 
the bursal cavity, and the subcutaneous tissues around 
the bursa continue to thicken. 1 Bursal enlargement usu¬ 
ally develops as a painless swelling that does not typically 
interfere with function, unless it becomes greatly en¬ 
larged. In most cases, the acquired bursa is only a cos¬ 
metic blemish, unless it becomes infected. An infected 
bursa is painful, causes lameness, and may break open 
to drain. The smalt true bursa that underlies the insertion 
of the triceps brachii muscle is rarely involved. 

Causes 

Acquired bursitis is the result of trauma caused by 
the shoe on the affected limb hitting the point of the 
olecranon tuberosity during motion or while the horse 
is lying down. 1,4 Most trauma probably occurs while the 
horse is in sternal recumbcncv with the foot under the 

4 

point of the elbow. American Saddlebred and Standard- 
bred horses may hit the elbow with the foot during exer¬ 
cise. Trauma causes a transudative fluid to accumulate 
in the subcutaneous tissue; the fluid eventually becomes 
encapsulated by fibrous tissue, and a synovial-like mem¬ 
brane produces the synovial fluid. 7 Infected bursae may 
also develop after needle aspiration and injection of a 
corticosteroid. 1 


Signs 

The condition is characterized by a prominent, often 
freely movable, swelling over the point of the elbow, 
which may conrain fluid or may be composed primarily 
of fibrous rissue in the chronic stage. Lameness is usually 
not present, unless the bursa is greatly enlarged or in¬ 
fected. Infected bursae generally feel warm, and firm 
pressure causes pain. If the infected bursa ruptures, it 
is characterized by exuberant granulation, discharging 
sinuses, and the formation of fibrous tissue. 


Diagnosis 

The diagnosis can usually be made on physical find¬ 
ings alone. However, if the bursa appears infected, radio¬ 
graphs can be taken to rule out trauma or infection in¬ 
volving the olecranon process. If a draining tract is 
present, contrasr material may be injected into it to iden¬ 
tify its depth and course. Ultrasound can also be used to 
determine if deeper structures are involved. 
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Part VIII 


THE HUMERUS 

Ted S. Stasbak 

FRACTURES OF THE HUMERUS 

Fractures of the humerus are relatively uncommon in 
horses possibly because of the short, thick configuration 
of this bone and the prominent surrounding heavy mus¬ 
culature.The fracture can occur in horses of any 
age, breed, or sex, but most often affect foals less than 

I year of age, racing or race-training Thoroughbreds, 

and horses that are used for jumping or steeplechase 
events. 11 1 * In a study done on 54 horses that sustained 

humeral fractures, the mean age for fracture occurrence 
was 3 years (range 1 week to 15 years), 28 horses (52%) 
were younger than 6 months, 4 (7.4%) were 6 months 
to 2 years old, 9 (17%) were between 2 and 4 years old, 
and 13 (24%) were between 4 and 15 years old. 11 

Humeral fractures are classified as incomplete or 
complete, open or closed, simple or comminuted, and 
nondisplaced or displaced; most are complete, closed, 
and displaced. Comminution occurs occasionally. Hu¬ 
meral fractures are also classified by location: proximal 
humeral head (epiphysis and metaphysis in foals), 
greater tubercle, deltoid tuberosity, mid-diaphyseal, dis¬ 
tal metaphyseal and epiphyseal, and distal condylar and 
epicondylar. 11,15126,34 Most fractures are repented to in¬ 
volve the middle third of the diaphysis and are either 
oblique, transverse, spiral in configuration and almost 
never open. 4,22 In a study done on 54 horses that sus¬ 
tained humeral fractures, 9(17%) fractures involved the 
physis (1 proximal and 8 distal), 8 (15%) occurred in 
the proximal metaphysis (4 oblique and 4 transverse), 

II (20.4%) were in the distal metaphysis, 26 (48%) were 
in the diaphysis (2 short oblique, 4 transverse, 20 long 
oblique or spiral), and 1 was open. 11 In another study 
done on 22 horses that sustained humeral fractures, 14 
fractures were spiral in configuration. 15 Uncommonly, 
foals will sustain multiple fractures involving the elbow 
region; one report noted a foal that had fractured the 
distal humerus, proximal radius, and the ulna.' 

Because of the large muscular attachments to the hu¬ 
merus, there is often considerable overriding and dis¬ 
placement (the distal fragment is displaced caudad, and 
the proximal fragment is displaced cramad). On the 
other hand, it is uncommon for a proximal complete 
humeral fracture to become displaced to any extent be¬ 
cause the surrounding muscles Uupraspinatus, infraspi¬ 
natus, subscapular, and deltoid), the biceps tendinous 
insertions, and the periarticular capsular attachments of 
the shoulder provide inherent stability to the region. 26 
Incomplete stress fractures occur in two typical loca¬ 
tions: the proximal caudal lateral cortex and the distal 
cranial medial cortex. 22 

Because radial nerve courses in the musculospiral 
groove of the humerus, it is not surprising that it may 
be traumatized to some degree as a result of a complete 
displaced diaphyseal or metaphyseal humeral frac- 


ture.'M 6,22 The damage ranges from a minor neuropraxia 
(alteration in the nerve conduction without direct dam¬ 
age to the nerve) to a complete severance of the nerve. 1 '’ 
Because of the profound effect on prognosis, it is impor¬ 
tant to evaluate the degree of nerve dysfunction early in 
the convalescent period. 

Causes 

Humeral fractures frequently occur in foals, in wean¬ 
lings secondary' to falls or other impact injuries, and in 
racing breeds as either catastrophic failure during race 
falls or failure as a result of accumulated stress and mi¬ 
crofracture. 9,10,19,22 * 2 ** 31,33 In a study done on 54 horses 
that sustained humeral fractures, the causes included 
falls related to racing or on hard surfaces (11 horses), 
kicks (2), postanesthetic recovery (2), collisions with 
fences or another horse (3), and impact from a car (1). 
A total of 35 horses presented with no identifiable cause 
of the humeral fracture. 11 When fractures of the deltoid 
tuberosity or greater tubercle occur, trauma is commonly 
reported as the cause. 

The configuration of the fracture configuration seen 
clinically may depend on the direction of the impact sus¬ 
tained by the humerus. In an in vitro model, the frac¬ 
ture’s configuration was predictable and depended on 
the direction from which the insult originated. 21 When 
the force was applied in a craniocaudal direction, the 
humerus fractured transversally; when the force was ap¬ 
plied in lateral to medial direction, the humerus fractured 
obliquely. 

Horses sustaining stress fractures of the humerus are 
at an increased risk for developing a complete fracture 
if they are not managed properly. In a study done on 34 
Thoroughbred racehorses with humeral fractures, re¬ 
searchers found an increased risk of complete fracture 
in horses that returned to racing after a 2-month lay-up 
period. 111 The authors postulated that the humeri were 
predisposed to osteoporosis during the period of inactiv¬ 
ity; therefore, when the horses returned to w ork, their 
bones may have been of a lower quality or quantity and 
thus more susceptible to microdamage. When bones sus¬ 
tain microdamage, the damaged bone is quickly resorbed 
by osteoclasts within 48 to 72 hours, and resorption con¬ 
tinues for 2 to 3 weeks, further weakening the none. The 
repair process is slow, and can take around 3 months. 
If stress is continually placed on a remodeling bone, the 
chance of a complete fracture is high, Examination of the 
periosteal callus in horses after they sustained a complete 
fracture supports the idea of an acute process that fits 
the time frame of a stress fracture occurring after a lay¬ 
up period. 10 

Signs 

Horses with nondisplaced or minimally displaced 
proximal fractures (Salter-Harris type 1 of the epiphy- 
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Figure B.325 A. Lateral view of 
a minimally displaced Salter-Hams 
type 1 fracture of the proximal 
humerus Note the epiphysis of the 
humeral head is displaced caudad 
{arrow) B A moderately displaced 
Satter-Harrls type 2 fracture ol the 
proximal humerus (arrows). 
(Courtesy of G. Baxter.) 


seal, greater tubercle, or deltoid tuberosity ) and nondis- 
placed midshaft fractures often present with a history of 
a marked lameness that improves over a 24- to 48-hour 
period. Moderate swelling may be present at the site of 
injury for a proximal fracture or over the lateral muscles 
for a midshaft fracture. Pain is often present when pres¬ 
sure is applied over the fracture and with limb manipula¬ 
tion. If several days have passed, the swelling may be 
most prominent in a site distal to the fracture. At exer¬ 
cise, a moderate (grade 2 to 3 out of 5) lameness is most 
often seen. Radiology often provides a definitive diagno¬ 
sis (Fig. 8.325). 

Incomplete fractures and stress fractures resulting in 
lameness can be most difficult to diagnose. 21 
Lameness and moderate swelling may be adequate in 
some cases to lead to a tentative diagnosis of a fracture, 
but the definitive diagnosis often requires nuclear imag¬ 
ing. 2 ** Follow-up radiography may identify a small 
amount of callus formation along the caudai cortex of 
the humeral metaphyseal region, particularly in some 
chronic cases. 

Horses with complete displaced fractures often pre¬ 
sent with a history’ of an acute onset of a marked to non- 
weight-bearing lameness. Marked to moderate swelling 
of the muscles overlying the region is often seen, the 
elbow usually has a dropped elbow appearance, and the 
carpus and fetlock are frequently ftexea in a similar man¬ 
ner to that seen after complete fracture of the olecranon 
process (Fig. 8.326). The dropped elbow may be the re¬ 
sult of the overriding of the fracture segments, resulting 
in functional limb shortening, or from damage to the 
radial nerve. 1,11 

l.tmb manipulation usually causes increased pain and 
a greater range of motion when the limb is adducted 
and abducted. Crepitation is often difficult to appreciate, 
particularly in heavy muscled horses, because of the de¬ 


gree of fragment displacement and rhe muffling effect of 
the swollen musculature. If> Auscultation with a stetho¬ 
scope may help identify crepitation. 1 Limited manipula¬ 
tion should be done, because it may result in further 
trauma to the radial nerve. The presence of a fracture 
and its configuration arc confirmed by radiography (Fig. 
8.327). 

The evaluation of radial nerve damage is more diffi¬ 
cult. Assessment nerve function requires electrodiagnos¬ 
tics: cither direct nerve conduction velocity evaluation by 
spinal somatosensory evoked potential or muscle action 
evoked potential. Because there is no autonomous sen¬ 
sory zone for the radial nerve, peripheral skin desensiti- 
zation is not a good indicator of radial nerve damage. 8 
After 2 weeks, electromyography (EMG) of the antebra¬ 
chial extensor muscles can he used to evaluate radial 
nerve damage. EMG also helps during the convalescent 
period for distinguishing between neurapraxia and neu- 
rntmesis in an attempt to evaluate the potential for re¬ 
turn of radial nerve function. In one study, 4 of 40 horses 
treated for fractures of the humerus were destroyed be¬ 
cause of loss of radial nerve function. 11 

Fractures of the distal epiphysis condyles, and epicon- 
dylar region arc uncommon (Fig. 8.328 ). 26 When a horse 
does sustain such a fracture, it often presents w ith a his¬ 
tory of marked lameness of a short duration. Swelling 
associated with the elbow region may be apparent, in¬ 
cluding joint effusion if the fracture is articular. Direct 
pressure on the affected site and limb manipulation often 
result in a painful response. Radiography is required to 
document the fracture. 

Diagnosis 

Radiography is used in most cases to confirm the frac¬ 
ture, define the configuration, and rule out secondary 
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Figure 8.327 A fracture of the humerus. (Courtesy of A. S. 
Turner) 


Figure 8.326 A horse that sustained a comminuted fracture of 
the midhomeral region displays the dropped elbow appearance 



Figure 8.328 A. Lateral view of a 
displaced fracture of the distal medial 
epicondyle of the humerus (arrow). B. 
Cranial caudal view of the same 
fracture Note that the fracture just 
approximated the medial edge of the 
elbow joint, (Courtesy of K Sulims,) 
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Figure 8.329 Cranial caudal oblique (skyline) view of I he 
greater tubercle revealing a nonarticuiar fracture (arrow). 


problems, such as fractures of the supraglenoid tubercle, 
ulna, anti ribs. A slightly oblique medial lateral projec¬ 
tion with the limb held in extension usually provides the 
information needed for epiphyseal and shaft fractures. 
In most cases, the study can be done in the standing 
sedated horse. Foals, on the other hand, can often be 
sedated and restrained in lateral recumbency, with af¬ 
fected limb down, to obtain a diagnostic lateral projec¬ 
tion. Cranial caudal views of the distal humerus and 
oblique views of the proximal humerus can he obtained 
in most standing sedated horses and foals (Fig. 8.327). 
Cranial caudal views of the entire proximal humerus are, 
however, more difficult to obtain, and general anesthesia 
may he required. 

Multiple radiographic views may be needed to iden¬ 
tify fractures of the greater tubercle and deltoid tuberos¬ 
ity’. The study can usually be done in the standing horse. 
Oblique and skyline radiographic views of the proximal 
humerus are often required for visualization of the frac¬ 
ture (Fig. 8.329), 

Treatment 

Currently, three options are considered when manag¬ 
ing a horse with a humeral fracture: nonsurgical (con¬ 
servative) management with prolonged stall rest, surgical 
reduction followed by stabilization, and euthanasia.‘ , ' n * 
2 z. 26 . 2 s. 2 v Qf t h c two treatment approaches, nonsurgical 
management appears to provide a better outcome than 
do surgical approaches for most nonarticuiar incomplete 
or complete humeral fractures, no matter what the age 
of the horse."*" In one report 7 of 10 horses treated 
nonsurgically were able to be ridden 5 to 12 months after 


the diagnosis was made, and only 1 of 3 horses treated 
surgically (2 Rush pins, I lag screw’s) was considered 
sound for riding." Note that 2 of the nonsurgically 
treated horses were lost to follow-up and w r ere included 
in the group of unsuccessful cases. The age of the horses 
treated nonsurgically ranged from 2 to 60 months (mean 
= 21 ± 16.5 months). In anorher study, 9 of 17 horses 
treated conservatively were considered successful; 4 be¬ 
came athletically sound, and 5 were pasture sound." 
The age of these horses ranged form I week to 15 years 
(mean = 3 years). 

Euthanasia still remains a commonly selected option. 
In a retrospective study of 54 horses with humeral frac¬ 
tures, more horses were euthanized (44.4%) than were 
treated surgically (24%) or conservatively (32%)." In 
another report, 9 of 22 horses with humeral fractures 
were euthanized. " 


Nonsurgical Management 

Nonsurgical management has been used successfully 
to treat stress fractures, incomplete or complete nondis- 
placed or minimally displaced nonarticuiar fractures, 
minimally displaced Salter-Flams type 1 and 2 fractures 
of the proximal and distal physis (Figs. 8.325, 8.329, 
and 8.330), complete displaced proximal and distal 
transverse and oblique fractures, and complete displaced 
diaphyseal transverse short and spiral oblique fractures 
(Fig, 8.331). 6 *"' 22 * 26 * 3 ' In two reports, a better outcome 
using conservative treatment was obtained in horses 
younger than 8 months, even though the age range of 
horses successfully treared was 2 months to 15 years. 1145 



Figure 8.330 Lateral view taken at the 6-week lotlow-up of the 
loal shown in Figure 8.325A Note the fracture has healed and me 
physis and metaphysis have remodeled (arrow). 
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Figure 8.331 Lateral view of a healing spiral nonari cular 
fracture of the mtdhumerus taken 5 months after diagnosis 
(Courtesy of G, Baxter.) 


Nonsurgical management consists of stall rest, admin¬ 
istration of nonsteroidal anti-inflammatory drugs 
(NSAIDs), and periodic radiographic or nuclear medical 
reevaluation of the fracture for healing. Stress fractures 
and incomplete or complete nondisplaced nonarticutar 
fractures are best managed with the horse placed in stall 
confinement for 3 to 4 months. 26 ’ 2 * If a horse is severely 
lame from a stress fracture, it should be either cross-tied 
or run on an overhead wire to minimize the chance of 
its developing a complete fracture when it attempts to 
get up and down. 22 This approach can also be used for 
incomplete or complete nondisplaced fractures. Because 
support limb laminins is a concern, a horse that is tied 
to prevent it from lying down is probably best placed in 
a stall bedded with dry sand (6 inches deep). 

Fracrure healing is generally evaluated radiographi¬ 
cally or with nuclear medicine (for some stress fractures) 
after 3 to 4 months. If healing appears adequate, the 
horse is allowed access to a run or small paddock for 1 
month. Then, if rhe Worse remains comfortable, it can 
be allowed free exercise for another 2 to 3 months. The 
fracture should be evaluated for healing before the horse 
is put back into training. 

In niy experience minimally displaced Salter-Harris 
type 1 or 2 fractures and minimally displaced greater 
tubercle fractures in young horses heal fairly rapidly; 
Therefore, confinement in a stall is usually only 6 to 8 
weeks to allow for adequate healing (Figs. 8.325 and 
8.328). If an adequate callus has formed, the foal is al¬ 
lowed free exercise in a confined area for another 6 to 
8 weeks. If the physical examination and radiographs 


indicate sufficient healing of the fracture, the foal is al¬ 
lowed free exercise at pasture. 

Complete displaced nonarricular fractures are gener¬ 
ally managed with stall confinement for 4 to 6 months. 
The longer period is often required to minimize motion 
and allow the fracture to heal adequately. Contraction 
of the heavy musculature surrounding the humerus helps 
stabilize the fracture while it heals. The stall should be 
heavily bedded to encourage recumbency- Bedding with 
either wood shavings or dry sand (6 inches deep) with 
a light straw covering (preferred) seems to work best in 
mv experience. An apparent added benefit to the sand 
is that it reduces the incidence of support limb lamimris. 
Bandage splinting the caudal aspect of the affected limb 
front the elbow to the foot has been recommended to 
prevent the development of carpal flexural contracture 
and to maintain a straight limb tor more support. I low- 
ever, the necessity of this treatment has been questioned. 
In one study of 10 horses with conservatively treated 
humeral fractures that were not splinted, the authors 
noted that flexural contracture of the carpus did not 
occur. ts A heavy support bandage should be applied to 
the opposite support limb, particularly in foals, to pre¬ 
vent the development of an angular limb deformity 
breakdown of the flexor tendons. I VS 

Although numerous complications have been re¬ 
ported after conservative management of humeral frac¬ 
tures, the complication rate and frequency have not been 
supported in retrospective studies. In one report, compli¬ 
cations associated with conservative management of hu¬ 
meral fractures occurred in 6 of 17 horses, including sud¬ 
den death (1 horse), radial nerve paralysis { 1 ), non-union 
( 2 ), support limb breakdown ( 1 ), support limb angular 
limb deformity (3), and persistent pain in the affected 
limb (1 )* 11 In another report, I of 10 horses treated con¬ 
servatively developed laminins, which resulted in eu- 
thanization. vs In this study, the owners of the nonsurgi- 
cally treated horses reported no adverse affects 
attributable to shortening of the humerus, such as a 
shortened stride or a straightened elbow joint. 

Surgical Management 

Various internal fixation techniques have been de* 
scribed for treatment of humeral fractures . 1 ’* 11 ** 41 * 
20 - 21 , 26 . 27 , 2 ^. 31->4 pix:ation devices have included the fol¬ 
lowing: 

• Stacked intramedullary pins ‘ #M ’ 22 

• Rush pins 3 

• Association for the Study of Internal Fixation (ASIF; 
Kuntscher) nails 21 

• One or more dynamic compression plates (DCPs) 1 - 211, 

22414647.29. W 

• Interlocking intramedullary nails 

• A combination of intramedullary pins and cerclage 
bands or wires 22 

Unfortunately the current techniques of using DCPs, in- 
tramedullarv fixations, and cerclage bands or wires do 
not offer sufficient strength tti provide adequate stability 
in adult horses .* 122 : 

Intermedullary pinning, bone plating, and ASIF or in¬ 
terlocking intramedullary nailing or Rush pins have been 
used to successfully treat foals and ponies with humeral 
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Figure 8.332 Rush pins used to treat a comminuted fracture of 
the humerus. (Courtesy of G. Baxter.) 

fractures (Fig. 8.332 ). ,J The technique for inter- 

medullary pinning is similar to that described for small 
animals, except that the technical difficulties are magni¬ 
fied owing to the tremendous soft tissue damage and the 
fact that exposure is limited by massive muscularure. ,fc 
Reduction of the fracture is achieved between the muscle 
bellies of the biceps brachii and lateral head of the triceps 
brachii muscle. 1 *" 4 The intermedullary pins or ASIF nail 
is inserted in the depression just medial to the greater 
and lesser tubercles to gain entrance into rhe medullary 
cavity. The intermedullary pins are placed parallel to 
each other, and it is preferable to fill rhe medullary cavity 
at its isthmus ar the distal third of the bone with as many 
pins as possible (stack pinning). This approach usually 
provides good rotational stability, but the operator must 
be careful not to place so many pins that the internal 
pressure creates another fracture. 

One complication noted with intermedullary pinning 
is that the pins migrate proximad. In most cases, one pin 
migrates at a time; once exposed, it should be cut off or 
removed. Sometimes it is a race between fracture healing 
and pin migration. If pin migration occurs, it often be¬ 
gins during the 2nd or 3rd week after surgery. Other 
common complications associated with intramedullary 
pinning are implant sepsis and loss of axial alignment. 2 
The addition of cerclage hands or wires to the intramed¬ 
ullary pinning fixation may provide more axial sta¬ 
bility. 

Bone plates have been used to repair nonarticular hu¬ 
meral fractures in foals and yearlings (Fig. 8.333). I1,26 * 30 
Both lateral and cranial surgical approaches for plate 
application have been described. *’ 1 '•'«..24.2&a* r jf t j, e lat¬ 


eral approach is used, the brachialis muscle must be ele¬ 
vated, and considerable contouring of the plate is re¬ 
quired to place rhe implant on the irregular lateral 
surface of the humerus. Usually only one plate can be 
applied. The cranial approach allows access to most re¬ 
gions of the humeral shaft and is preferred over the lat¬ 
eral approach. 26 * 2 The flat smooth cranial surface of the 
bone is ideal for placing the broad DCP, and it is proba¬ 
bly the tension hand side of the hone, as it is in small 
animals. An added benefit to the cranial approach is that 
a second plate, placed laterally, can he used in more ma¬ 
ture horses to provide greater stability to the repair. Re¬ 
gardless of the approach, the radial nerve must be pre¬ 
served. 

Fracture reduction is usually maintained with bone¬ 
holding forceps, separate lag screws, or cerclage hands 
or wires while rhe plate is being contoured for applica¬ 
tion. If the plate is applied to the cranial surface, the 
distal screws are directed toward the medial epicondyle 
of the caudodtstal humerus to avoid penetrating the ole¬ 
cranon fossa. Use of 5.5-mm cortical screws is recom¬ 
mended; 6.5-mm cancellous screws can he used in the 
soft metaphyseal bone of the proximal humerus, where 
the transcortex is not engaged. 2h In horses weighing 
more than 150 kg, a second plate can be placed on the 
lateral surface of the humerus, immediately caudal to the 
deltoid tuberosity. 26 The lateral plate is usually shorter 



Figure 8.333 Repair of a fractured humerus with two bone 
plates (Courtesy of A. S. Turner.) 
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than the cranial implant, and it is applied so the screws 
alternate with the cranial plate. Stab incisions may be 
required in heavily muscled horses to place the dis- 
talmost screws in the lateral plate. Plate luting and can¬ 
cellous bone grafting are recommended in adult horses. 
The use of positive suction drains is recommended for 
the immediate postoperative period to reduce seroma 
and hematoma accumulation at the repair site. 

Complications associated with bone plating for hu¬ 
meral fractures include osteomyelitis, non-union, and 
screw loosening wtth subsequent implant failure. 11 '™ In 
one study all five horses treated with DCPs had one of 
these complications. n 

Currently, stacked intramedullary pinning with or 
without cerclage wires or bands appears to a better 
method of repairing humeral fractures than DCPs in 
young foals. lf In addition, intramedullary pinning has 
an advantage over plating in that there is less soft tissue 
disruption in the surgical approach.’ A drawback to 
intramedullary pinning, however, is that the technique 
cannot be used to repair extensively comminuted hu¬ 
meral fractures. 1 ' 

Although ASIF intramedullary nails, interlocking in¬ 
tramedullary nails, and Kush pins have been used in foals 
with humeral fractures, the limited number of reported 
cases prevents a conclusion as to their effective¬ 
ness. 1,1 Furthermore, although the interlocking 
nail system provides good axial stability to the fracture 
repair, the fact that the endosteal blood supply is de¬ 
stroyed w r hen the marrow cavity is reamed out to apply 
the system probably results in delayed fracture healing. 


Unstable and extensive greater tubercle fractures of 
the proximal humerus may require removal or internal 
fixation with lag screws. ,v * Fragment removal is usu¬ 
ally relegated for small displaced unstable fragments that 
result in continued chronic lameness. 2 *' Larger frag¬ 
ments arc treated w ith internal fixation using 5.5- or 6.5- 
mm lag screws that engage the distomedial cortex of the 
humeral diaphysis. 2 * Screws placed in this fashion are 
usually enough to counteract the pull (tension forces) of 
the infraspinatus tendon. 

Extensive fractures of the deltoid tuberosity, although 
uncommon, can also involve the greater tubercle of the 
proximal humerus. In these cases, surgical intervention is 
required to reestablish cortical continuity of the bicipital 
groove and reestablish the tcnsional support of the tendi¬ 
nous insertions of the deltoid, brachiocephalic, supraspi- 
natus, and (occasionally) infraspinatus muscles, Gen¬ 
erally all that is needed are tw r o to three 4.5- or 5.5- 
mm cortical or 6.5-mm cancellous screws placed in lag 
fashion that engage the transcortex. 11 In heavy horses, 
a narrow DCP may lx* used to provide a tension band 
affect. 2 * Fragments associated with draining tracts are 
likely to remain a nidus for infection and thus should he 
removed. 

Fractures of the condyles or enicondyles of the distal 
humerus occur infrequently in horses. Small articular 
fragments involving the condyles can be removed arthro- 
scopically. 2 ' More extensive fractures of the condyles or 
cpicondylar region may require internal fixation with lag 
screws (Fig. 8.334). 

Recovers- from anesthesia should be assisted in most 
cases for which internal fixation is used. Postopcrativcly, 



Figure 8.334 A, Cranial caudal view ot a minimally displaced (arrow). B. Two screws and washers were used to repair the 

nonarticular epicondylar fracture of the distal medial humerus fracture. 
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the horse is placed in a stall bedded with deep (6 inches) 
dry sand to ensure secure footing and reduce the chances 
of support limb breakdown and laminins. Adding straw 
to the surface of the sand also appears to encourage re* 
cumbency in some horses and is, therefore, considered 
beneficial. Long-term maintenance of horses in partiaL 
buoyancy floatation tanks has also been described. s Al¬ 
though the technique was successful in selected fracture 
cases, long-term respiratory effects were evident. 

Prognosis 

The prognosis for stress fracture, nondisplaced com¬ 
plete or incomplete fracture, and minimally displaced 
complete nonarticular fractures managed conservatively 
appears good. 1 *-22.28.15 To reduce the risk of complete 
fractures in Thoroughbred racehorses that sustain stress 
fractures, the horse should be cautiously reintroduced 
back into training after the lay-up period. ,n Gradual re¬ 
sumption of race training helps the skeleton to readapt 
to racing stresses. 

The prognosis for complete displaced nonarticular 
fractures is guarded but appears better for horses man¬ 
aged conservatively rather than surgically. In one study, 
conservative management was used in 17 horses with a 
mean age of 2.2 years (range: 2 months to H years). 11 
Of these horses, 9 (53.9%) were considered successfully 
healed: 4 became athletically sound, and 5 horses became 
pasture sound. The ages of the 4 horses that regained 
athletic soundness ranged from 4 months to 3 years (3 
of the 4 horses were younger than 8 months old). The 
mean age of the 5 pasture-sound horses was 2.35 years 
(with a range of 3 months to 5 years). Of the pasture- 
sound horses, 2 were still lame in the affected limb. The 
others were sound in the affected limb but suffered from 
angular limb deformities in the contralateral limb; how¬ 
ever, their owners considered the horses to be sound. Of 
the 6 horses that were considered unsuccessful, 5 were 
younger than 6 months of age. The distribution of frac¬ 
ture type in the unsuccessful group paralleled the fracture 
type in the successful group, suggesting that age may be 
a more important factor to the outcome than the fracture 
type. In the same study, 13 horses were treated surgically 
with a variety of internal fixation methods, including 
DCPs. Of these horses, 3 survived and became athleti¬ 
cally sound. The horses with successful outcomes were 
all surgically treated with stacked pinning and were less 
than 2 months of age (2 were younger than 3 weeks). 

In another study, conservative management was used 
in 10 horses, 7 of which were able to be ridden 5 to 12 
months after the diagnosis was made. ' The ages of the 
horses successfully treated ranged from 2 to 60 months 
(mean = 21 months ± 16.5 months). Note that 2 addi¬ 
tional horses were lost to follow-up, and were put in the 
unsuccessful group. Of the 3 horses treated surgically, 1 
became pasture sound 10 months after surgery. Horses 
in the surgically treated group were younger than 15 
months of age (mean = 7.6 ± 6.2 months) and weighed 
less than 341 kg. Rush pins were used for the repair of 
two fractures and lag screws were used in the other case; 
the Rush pin-treated horses became pasture sound and 
could be ridden. The study concluded the best candidates 
for nonsurgical treatment were nonarticular humeral 


fractures with minimal displacement that involve the 
midshaft, arc spiral and oblique, and have with minimal 
overriding of the ends of the bone. 

The limited reports on fractures involving the greater 
tubercle and deltoid tuberosity indicate that the prog¬ 
nosis is good for conservative management of nondis¬ 
placed and surgically treated displaced fractures of the 
greater tubercle and deltoid tuberosity .' 12,11 Too few 
cases of condylar or eptcondylar fracture have been re¬ 
ported to draw a good conclusion about the expected 
prognosis. 
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PARALYSIS OF THE RADIAL NERVE 

Paralysis of rhe radial nerve as a primary cause of 
lameness is an uncommon condition that results in the 
inability to extend the elbow, the carpus, and the digit. 
Similar dysfunction may also be observed for other con¬ 
ditions involving the elbow region, humerus, shoulder 
region, and scapula; thus differentiation can be difficult, 
particularly shortly after injury occurs. 

The radial nerve, often the largest branch of the bra¬ 
chial plexus, derives its origin chiefly from the C8 and 
T1 nerve roots of the plexus. In 10% of horses, the C7 
nerve root contributes to the radial nerve.* 1 The radial 
nerve innervates the extensor muscles of the elbow, car¬ 
pus, and digit and supplies the lateral flexor of the carpus 
julnaris lateralis). It also gives off a superficial sensory 
branch to the lateral cutaneous brachial nerve. Paralysis 
of the radial nerve inactivates these muscles and may 
result in some loss of sensation to the eraniolatcral aspect 
of the forearm. 

Causes 

In most cases, paralysis of the radial nerve is the result 
of trauma of the shoulder region caused by hvperexten- 
sion of the forelimb or extreme abduction of the shoul¬ 
der. 1,15,16 Fractures of the humerus, C7, and T1 can re¬ 
sult in radial nerve paralysis. n Tumors, abscesses, and 
enlarged axillary lymph nodes that occur in the cranial 
thoracic region and along the course of the nerve and 
tumors of the brachial plexus and radial nerve may also 
result in radial nerve paraIvsis . 12,14 

Prolonged lateral recumbency while under general an¬ 
esthesia on an operating table or while on the ground 


may also produce a radial-paralysis-like syndrome in the 
forelimb that was next to the hard surface. It is difficult 
to say whether the paralysis after lateral recumbency is 
from direct pressure or tension trauma to the radial 
nerve, the result of compression of the vascular supply, 
or from systemic hypotension leading to ischemia and 
anoxia of the muscles.** 7,10 * 1 l * ,4 * ,fc *-° Jt has been shown 
that a radial-paralysis-like syndrome lasting 24 hours 
can be produced by compression of the brachial ar- 


Signs 

The signs depend on the extent or degree and location 
of the paralysis. When the portion of the radial nerve 
that supplies the extensors of the digit is affected, the 
signs are characteristic. In the acute phase, rhe horse is 
unable to bear weight because of the inability to extend 
the elbow, carpal, and phalangeal joints. If the limb is 
placed under the horse and fixed in place, it can bear 
weight passively. 15 While the horse is standing, rhe 
shoulder is extended, the elbow is dropped (dropped 
elbow appearance) and extended, and the carpus and 
digits are flexed. The muscles of the elbow and the exten¬ 
sors of the carpus and digit seem relaxed, and rhe limb 
appears longer than normal. The dropped elbow appear¬ 
ance is not specific for radial nerve paralysis and can 

be seen with many other conditions associated with the 

# 

elbow, humerus, and shoulder regions (Fig. 8.335). Oc- 



Figure 8.335 This horse presented with radtal nerve paralysis 
as a result of a transverse fracture of the body of the scapula 
Note the promineni triceps muscle atrophy (arrow) and the non¬ 
weight-bearing attitude of the left limb The horse also had 
prominent atrophy of the muscles of the shoulder region. 
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Part IX 


THE SHOULDER 

Ted S. Stasbak 

INFLAMMATION OF THE 
INTERTUBERCULAR BURSA (BICIPITAL 
BURSITIS) 

Inflammation of the intertubercular (bicipital) bursa 
as a primary cause of lameness is uncommon, even 
though the condition can occur in horses of any age, 
breed, or sex. 4,8,12 Bursitis can present as a nonseptic or 
septic condition. 4 *' 1,12,24 Several case studies have identi¬ 
fied a low incidence of the problem. 9,10,16 In one report, 
the condition was responsible for lameness in 1 of 54 
horses suspected of having shoulder lameness; 10 in an¬ 
other report, bursitis was the cause in lameness in 1 of 
41 horses; 16 and another cited the problem in 1 case over 
a 10-ycar period. 

The bicipital bursa, which is quite extensive, is located 
between the bilobate tendon of origin of the biceps 
brachii muscle and the M-shaped tubercles at the cranio- 
proximal aspect of the humerus. The synovial membrane 
of the bursa extends around the axial and abaxial limits 
of the tendon and onto the margins of its cranial surface. 
It has been suggested, considering its embryonic develop¬ 
ment and function, that the intertubercular bursa may 
be more appropriately called a tendon sheath. s For this 
discussion, however, I refer to this structure as a bursa. 
Gliding of the biceps brachii tendon over the bicipital 
grooves in the humerus during movement is facilitated 
by this bursa. In some cases, the bursa communicates 
with the scapulohumeral joint. 

Causes 

Trauma to the cranial surface of the shoulder region 
is believed to be the most common cause of a primary 
bursitis. 4,11,12 * 24 A kick, blunt trauma, and/or a wound 
(penetrating or laceration) to the shoulder region is com¬ 
monly reported. Other suggested causes include stretch¬ 
ing or tearing of the bursa or biceps tendon during the 
cranial phase of the stride with the limb in full extension 
and a fall or slip that results in flexion of the shoulder 
with extension of the elbow. 21123 

Infection, either from an open or penetrating wound 
or from hematogenous spread to the bursa, has also been 
reported. 11,20,24 At least two reports have implicated 


Brucella abortus as a cause. 7,16 Inflammation of the bi¬ 
cipital bursa has been noted to occur after influenza or 
the outbreak of other viral respiratory diseases. In one 
case, inflammation was seen after a long trailer ride;’ * 4 
it is postulated that the stress of the long trailer ride may 
have been associated with the development of a bacterial 
infection that subsequently gained access to the bursa 
hematogenously. 

Signs 

A history of trauma to the shoulder region is a com¬ 
mon factor, although some cases will have no history or 
physical evidence of trauma. The signs of lameness usu¬ 
ally have an acute onset, which is noticed during the 
stance and swing phases of the stride. On physical exami¬ 
nation, swelling over rhe cranial aspect of the shoulder 
region may be evident, and a wound will not necessarily 
be present, in more chronic cases, generalized shoulder 
and pectoral muscle atrophy may be seen. 11,12,24 Pres¬ 
sure applied over the biceps tendon and bursal region 
and manipulation of the shoulder region in flexion and 
extension usually result in a prominent painful response 
(Fig. 8.336). The responses to pressure and limb manipu¬ 
lation should be compared to that of the contralateral 
unaffected limb (Fig. 8.337). In some cases, drainage 
from a wound is evident. 12 

At exercise a grade 3 or 4 (out of 5) lameness is gener¬ 
ally seen, and the swing and stance phases are altered. 
The lameness is often characterized by a shortened cra¬ 
nial phase of the stride, a decrease in the height of the 
foot flight arc, reduced carpal flexion, .md a fixed shoul¬ 
der appearance during movement. The horse is often re¬ 
luctant to bear full weight on the affected limb while 
standing. 12 

Diagnosis 

If the physical examination localizes the pain rhat is 
causing the lameness to the bursal region, radiographs of 
the shoulder and ultrasound examination arc performed. 
However, if the localizing signs are not obvious, confir¬ 
mation of bursitis is made by centesis and local anesthe- 
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Figure 8,336 The fingers are used to grasp the shoulder and 
apply lateral pressure over the bicipital bursa region Even if the 
horse exhibits a painful response, the reacfjon should be 
compared to that obtained on the opposite side 



Figure 8.337 As the shoulder is flexed, tension is created in 
the tendon of the biceps brachn muscle. If the horse has btcipital 
bursitis or ossification of the tendon, a painful response is elicited 
A flexion test can be run by holding the shoulder in a hexed 
position tor 1 minute. 


sia of the bursa (see Chapter 3). A sample of synovial 
fluid should be taken and submitted for cytology and 
culture if the clinician suspects an infection see Chapter 

7), 

If there has been a history of access to cattle, scrum 
samples should be submitted for B . abortus titers, 7,16 
Serum liters greater than 40 U/mL were reported in 42 
horses with bursal or tendon sheath infections, including 
2 horses with infectious bicipital bursitis. In another 
report on 4 horses with septic bicipital bursitis, l horse 
had a B. abortus titer of 13 U/mL (no scrum titers were 
conducted on the other 3 horses). 24 The report recom¬ 
mended that scrum be analyzed for B. abortus in all 
horses with a suspected bicipital bursitis infection for 
which a wound was not the cause. 

Radiographs of the shoulder region are taken to iden¬ 
tify any osseous changes in the tubercles or bicipital 
groove or bursa and to rule out the possibility of fracture 
of the supraglcnoid tuberosity or proximal humerus and 
ossification of the biceps tendon (Fig. 8.338). 4 * 11,12,15,24 
Generally, only mediolatcral, craniomedial caudolatcr.il 
oblique, and flexed cranioproximal-craniodistal (sky¬ 
line) views can he taken in adult horses. 12 1 The skyline 
projection of the cranial shoulder region has proven use¬ 
ful for identifying lesions associated with rhe tubercles of 
the proximal humerus. Radiographic changes associated 
with bursitis include mottled changes in the tubercle, de¬ 
mineralization of the greater tubercle, osseous densities 
in the periarticular region, osteitis in the bicipital groove, 
and calcification of the bursa (Fig. 8.338k* 2,1 Radio- 





I 


n 


* * 



Figure 8.338 Lateral view of a horse that presented with 
classic signs of txciprtal bursitis. Note the loss in bone density on 
the cranial proximal aspect of the humerus (arrows) The 
radiographic changes were though! to be consistent with a bone 
tumor 
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Figures .339 Increased uptake ol the radionuclide in the 
greater tubercle of a horse that presented with signs of bicipital 
bursa pam. Both ultrasound and radiography were normal. 
Synoviocentesis of the bicipital bursa revealed sepsis. (Courtesy of 
P. Sleyn) 


Graphs may appear normal if the disease involves the 
bursa only. If a wound or draining tract is present, a 
sterile probe or contrast material can be placed or in¬ 
jected into the tract before the radiograph is taken. This 
may help determine if the tract communicates with the 
bursa or terminates adjacent to the radiographic changes 
seen in the bone. 

Ultrasound examination of the biceps tendon, bursa, 
and bicipital groove can be informative, even when ra¬ 
diographs appear normal.'* 1 **Ultrasound changes as¬ 
sociated w r ith bursitis include edema or hemorrhage in 
the biceps tendon or bursa, disruption of the tendon ar¬ 
chitecture w*ith peritendinous thickening, an irregular 
surface of the bicipital groove, and hyperechoic material 
in the bicipital bursa.** 4 Infection needs to be ruled out 
if hyperechoic material is seen in the bursa. 24 

Nuclear medicine mav be useful in some cases to dc- 
rcct early infected or actively remodeling bone adjacent 
to the bursal region when ultrasound and radiography 
appear normal (Fig. 8.339), 12 

Treatment 

Conservative Treatment 

Noninfcctious bursitis without radiographic evidence 
of a fracture or pathology on the cranioproximat aspect 
of the humerus may respond favorably to rest, parenteral 
administration of nonsteroidal anti-inflammatory drugs 
(NSAlDs), and sometimes intrasynovial injection of the 
bursa with corticoids and sodium hyaluronate. ,-, *® ,M * 
,4 * 22 Topical application ot dimethyl sulfoxide (DMSO) 
has also been advocated. 22 

The duration of the rest generally depends on the na¬ 
ture of the injury, the patient’s clinical response to rest, 


and whether the biceps tendon was damaged. When the 
bursitis is acute or is secondary to a lower limb problem 
that is resolved, the bursal pain generally resolves 
quickly, usually within a matter of weeks. NSAlDs are 
generally administered for 10 to 14 days, and controlled 
(hand-walking) exercise is then begun. Exercise periods 
typically begin with 5 minutes twice a day, 5 days a week 
and increase by 2.5 minutes per week up to 20 minutes, 
at which time the horse is reexamined. Manipulating the 
limb passively through a range of motion may also be 
helpful. 12 Having the horse step over 1- to 2-foot-high 
obstacles placed 50 yards apart appears to improve the 
range of motion. 

In chronic cases, more prolonged rest periods may 
be required. 25 When the tendon has been injured, rest 
periods of up to 3 months followed by paddock rest for 
another 3 months may he required to allow healing of 
the tendon. In these horses, controlled exercise is begun 
as early as possible, generally after 2 to 3 weeks of con¬ 
finement, to improve range of morion and promote heal¬ 
ing. The patient’s clinical response and ultrasound find¬ 
ings are used to determine progress in healing. 

Surgical Treatment 

Bursitis that results eirher from a displaced fracture, 
from osseous changes associated with the proximocra- 
nial aspect of the humerus, or from sepsis generally re¬ 
quires surgery. Incisional and arthroscopic approaches 
to the intcrtubercular bursa have been used and de¬ 
scribed.^ 4 ‘ M * 12,1 K The advantages to using the arthroscope 
are similar to that described for other joints and tendon 
sheaths; and most areas of the bursa can be visualized, 
except for the medial aspecr of the imertubercular 
groove. lH If a fracture is present, the obvious objective 
is to remove it; if there are bone changes on the proxi- 
mocranial surface of the humerus, the objective is to re¬ 
move proliferative and malacic bone down to firm nor¬ 
mal bone and then to curette and rasp the bone to 
smooth it. 12 Bone wax may be applied to the bleeding 
bone surface, if the incisional approach is used. Necrotic 
soft tissue and any fibrin should also be removed. 

Controlled exercise as described for the conservative 
approach is begun at the rime of suture removal in most 
cases. In addition, the use of therapeutic ultrasound 14 
days after surgery has been advocated as an option. 12 

When infection appears to be the cause, synoviocent¬ 
esis of the bursa should be done to collect fluid for cul¬ 
ture and cytology. After this, the bursa should be drained 
and then lavaged with I to 3 liters of a sterile saline 
solution. In addition, rhe bursa can be flushed with I 
liter of a 10% DMSO solution, followed bv instillation 
of a broad-spectrum antimicrobial into the synovial cav¬ 
ity. Although large needles can be used to flush rhe bursa, 
the use of an arthroscope markedly facilities the proce¬ 
dure. Parenteral administration of f>road-spectrmn anti¬ 
biotics and NSAlDs is also done. 

In more chronic cases that appear to be refractory to 
this therapy, surgical debridement and synovectomy are 
recommended, eirher through an incisional or an arrhro- 
scopic approach. 4,,, * l2 * ,ft * 23r The application of drains 
and or a postoperative ingress—egress system for lavage 
is done according to the surgeon's preference. In some 
cases, the bursa is left open to drain and heal by second 
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intention. Antimicrobial therapy is generally prolonged, 
lasting 3 to 4 weeks (see Chapter 7). Controlled exercise 
and moving the affected limb through a passive range of 
motion are also advocated to reduce restrictive adhesion 
formation. 4 

Prognosis 

Acute cases of nonseptic bursitis in which fracture is 
not the cause often respond favorably to conservative 
treatment. 3,1 * Conservative therapy for more chronic 
cases of nonseptic or septic bursitis appears less than 
satisfactory. 4,1 1 ' 12 * 24 In one report on three horses with 
chronic nonseptic bicipital bursitis that were treated sur- 
gically, all horses became pasture sound and one could 
be ridden by the 6-month follow-up. 1 

For chronic septic bursitis treated conservatively, the 
prognosis appears poor for return to performance unless 
surgery is performed. In one report of six horses with 
chronic septic bicipital bursitis, four were treated with 
rest, antimicrobials, and NSAIDs. Of these, two were 
still lame at the 6-month follow-up, one was pasture 
sound, and the other could be ridden for pleasure. 24 The 
two horses treated surgically, including a partial syno¬ 
vectomy, resumed their former activity, although a sub¬ 
tle lameness remained in one horse. The other horse went 
on to be a successful racehorse. 

In a report on the surgical treatment of one horse with 
chronic septic bursitis, the horse was considered sound 
by the owner 10 months after dismissal. 11 In another 
report, medical treatment for 9 months failed to resolve 
an infection in the bursa, and the horse became sound 
only after surgical treatment, 1 fc Currently, the prognosis 
for septic intertuberal bursitis appears better than was 
previously believed.^ 
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Ossification of the tendon of the biceps brachii muscle 
is an uncommon cause of lameness in young adult 
horses. 1 1t can present as either a unilateral or a bilateral 
condition, and it can be a difficult problem to diagnose. 
Traumatic, developmental, and/or degenerative pro¬ 
cesses of the cranial shoulder region are thought to result 
in heterotopic bone formation in this tendon. 


Trauma to the tendon is the most likely cause of the 
ossification m most cases. The tendon of the biceps 
brachii muscle forms two fusiform enlargements as it 
passes over the bicipital groove at the proximal end of 
the humerus. Contained within the tendon enlargements 
arc some amount of fibrocartilage. Direct trauma to the 
scapulohumeral joint, extension of degenerative changes 
from the cranioproximal humerus, or extension of dis¬ 
ease from the scapulohumeral joint could cause the ten¬ 
don to undergo endochondral ossification (Fig. 8.340). 
Continued movement of the tendon in the bicipital 
groove could result in further damage to the bursa and 
adjacent bony structures, resulting in lameness.' Ossifi¬ 
cation of the bicipital tendon has also been associated 
with fracture of the supraglenoid tubercle. 1 


A history of chronic, low-grade, insidious lameness is 
most common. At presentation, a mild atrophy of the 


OSSIFICATION OF THE TENDON OF THE 
BICEPS BRACHII MUSCLE (CALCIFYING 
TEN Dl NOPATHY) 


Signs 


Causes 
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INFLAMMATION OF THE INFRASPINATUS 
BURSA 

Rooney described a rarely reported lameness caused 
by inflammation of the infraspinatus bursa. 1 The infra* 
spinatus bursa is located between the rendon of the infra* 
spinatus muscle and the caudal eminence of the greater 
tubercle of the proximal humerus. 

Causes 

Severe adduction of the forelimb and/or the possibility 
of direct trauma to this region is considered to be the 
cause. 1 A horse that is cast in lateral recumbency with 
the lower forelimb entrapped may develop the condition 
while struggling to become free. 

Signs 

The involved forelimb may be held in an abducted 
position, presumably in an attempt to reduce the pres* 
sure on the infraspinatus bursa. During exercise, a mod¬ 
erate lameness is present. 1 Adduction of the limb report* 
ediy elicits a painful response and results in increased 
signs of lameness at exercise {Fig. 8.342).' 



Figurt 8.342 Adduction of the limb results in « painful 
response in horses with infraspinatus bursitis. 


Treatment 

In the acute stage, synoviocenresis and the administra¬ 
tion of corticosteroids into the bursa are recommended. 
With sufficient stall rest (6 weeks or more) and the paren¬ 
teral administration of NSAIDs, a good end result can be 
expected. Although this treatment can be used in chronic 
cases, the result is usually less gratifying, and some de¬ 
gree of lameness may remain. 1 

Prognosis 

There arc not enough data to determine the prognosis. 
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OSTEOCHONDROSIS OF THE 
SCAPULOHUMERAL (SHOULDER) JOINT 

Osteochondrosis of the scapulohumeral joint (SHJ) 
primarily affects young, rapidly growing horses. This is 
not surprising, because the primary lesion involves grow¬ 
ing epiphyseal cartilage. The condition is mosr frequently 
diagnosed in weanlings and yearlings 6 to 12 months of 
age, but it has been reported in foals younger than 5 
months and in horses up to 4 years of age. l " l3J5J6 

It has been suggested that the incidence of osteochon¬ 
drosis is related to the rate of skeletal growth and body 
size; however, many affected horses appear to he normal 
in size for their breed and age, and some may be smaller 
and lighter than expected. 1 Males appear to be more 
commonly affected than females, and no specific breed 
predilection has been identified. 

Although the condition is less common than osteo¬ 
chondritis dissecans (OCD) lesions found elsewhere, one 
study reported osteochondrosis of the SHJ in 54 joints 
of 38 young horses radiographed for shoulder prob¬ 
lems. 15 In another studv, osteochondrosis and subchon¬ 
dral bone cysts were observed in six of 29 horses diag¬ 
nosed with SHJ problems.' The condition is considered 
the most debilitating form of OCD; and when it Is diag¬ 
nosed in older yearlings, the chronic manifestation of 
secondary degenerative joint (DJD) changes are usually 
present. In one study, the incidence of secondary DJD 
associated with osteochondrosis of the shoulder was re¬ 
ported m 35 of 54 joints. 1 

The primary cartilage lesion is located in the glenoid, 
the humeral head, or both {most common), and the dis 
ease often affects a major part of the joint surface. 14 
When the caudal humeral head is involved, the lesion is 
similar to OCD lesions reported for many other species, 
except that a dissecans {dissecting) lesion is often not 
observed. 11 Regardless of the site of the lesion, secondary 
degenerative changes in the SHJ are prominent features 
of this disease. An exception to this is the solitary sub¬ 
chondral cystic lesions that arc occasionally seen in the 
glenoid cavity; in these cases, secondary degenerative 
changes are not prominent/ 
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affected and the ages of the horses ranged from 1 to 11 
years (median = 4,7 years). 5 Affected horses were also 
used for a variety of performance activities, including 
racing, show jumping, dressage, three-day eventing, field 
hunting, and carriage. Another report found a higher 
prevalence of osteoarthritis in Shetland ponies than in 
other breeds. ’ 

Although the recognition and treatment of conditions 
associated with SHJ has improved, the diagnosis of spe* 
cific problems related to this joint still remains a chal¬ 
lenge.' As a result, some horses may require extensive 
diagnostic imaging, including arthroscopy, before a de¬ 
finitive diagnosis can be made. Unfortunately, the delay 
in recognition of the cause of the arthritis may increase 
the likelihood of the development of secondary osteoar¬ 
thritis, much like what is seen with osteochondrosis in 
this joint. 14,17 

Arthritis of the SHJ caused by infection and osteo¬ 
chondrosis is not discussed in this section; instead see 
Chapter 7 and "Osteochondrosis of the Scapulohumeral 
(Shoulder) Joint" in this chapter. Large intraarticular 
fractures of the SHJ associated with the proximal hume¬ 
rus and glenoid are covered elsewhere in this chapter. 

Causes 

Arthritis of the SHJ can have multiple causes, some 
of which are believed to be developmental, others involve 
trauma, and the horse’s age may play a role. 5,10 In one 
study, the fracture or cartilage lesions in horses younger 
than 4 years of age were thought to be the result of osteo¬ 
chondrosis; and cartilage fracture, fibrillation, malacia, 
or subchondral bone damage in horses older than 4 years 
of age was thought to be the result of a traumatic insult. ' 
A radiographic study compared young Shetland ponies 
diagnosed with ostearthriris to skeletally mature Shet¬ 
land ponies without a history of lameness and to skele¬ 
tally mature horses. It was found that ponies had a flat¬ 
tening (dysplasia) of the glenoid contour, which was 
believed to have made them more susceptible to the de¬ 
velopment of osteoarthritis/ Other causes of arthritis 
include intraarticular fracture and injury to the joint cap¬ 
sule, resulting in a synovitis and capsulitis. 

Signs 

A history of trauma is relatively common. In one re¬ 
port, 8 of 15 horses that had subtle osteochondral lesions 
in the SHJ had a history of a traumatic insult/ Mild 
swelling may be apparent over the shoulder region in 
acute cases, but muscle atrophy is less consistent and 
may not reflect chronicity or severity of the lameness/ “ 
Disuse atrophy of the extensor carpi radialis muscle may 
be apparent in the affected limb. An upright narrow foot 
may be observed m the affected limb. One study found 
a narrow upright foot in 12 of 15 horses with shoulder 
arthritis, suggesting that this foot conformation proba¬ 
bly indicates shoulder problems. 1 ’ In another study, only 
a small proportion (less than 5%) of horses with shoul¬ 
der problems had a smaller foot on the affected limb, 
although a severely lame horse may have abnormal roe 
wear/** 


Deep thumb pressure applied just cranial to the ten¬ 
don of the infraspinatus muscle may elicit a painful re¬ 
sponse in young and in light-muscled mature horses (Fig. 
8.345). Upper limb manipulation (flexion, extension, ad¬ 
duction, and abduction) may cause a painful response. 1 g 

In general, the signs of lameness are typical and the 
degree depends on the severity of the problem. If the 
lameness is moderate or severe, it will be evident at a 
walk and trot. At a trot, the height of the foot flight and 
the flexion of the carpus are decreased during the swing 
phase of the stride compared to the contralateral limb. 
I he cranial phase of the stride of the lame limb is often 
shortened. The head and neck drop as the sound limb 
bears weight, but as the lame limb is advanced a promi¬ 
nent lifting of the head and neck occurs on the affected 
side/ In addition, the horse appears to "fix” the SHJ on 
the affected side. 1 Careful observation of the shoulder 
region during movement reveals the difference between 
the normal and the affected sides. The lameness grade 
in one study ranged from subtle and intermittent to 4 
(on a scale of 5)/ Manipulative tests and a flexion test 
of the upper forelimb do not always accentuate the lame¬ 
ness.''* 

Diagnostic anesthesia can assist in localizing the prob¬ 
lem to the shoulder region. 1 * 5 * 6,9 Median, medial, cuta¬ 
neous, antebrachial, and ulnar nerve blocks are used to 
eliminate the carpus and below as the source of lameness 
in most horses; and intrasynovia I anesthesia of the SHJ 
usually localizes the problem to the joint (sec Chapter 
3). Improvement after intrasynovial anesthesia may be 
apparent in 5 minutes but may take as long as 1 hour/ 
This prolonged exposure before improvement may indi¬ 
cate an injury in the subchondral bone. In addition, the 
response to intrasynovial anesthesia can range from 
complete resolution of the lameness to only slight im¬ 
provement/ In one report, intrasynovial anesthesia was 
used in 10 horses ana 9 improved—by one grade in 2 
horses and by two grades or complete resolution in the 
remaining horses.' 

Diagnosis 

Radiography, ultrasonography, nuclear medicine, 
and/or arthroscopy may be required to make a definitive 
diagnosis of the problem. 1,5,6 Radiography, although im¬ 
portant in evaluating abnormalities of the shoulder joint, 
may be limited, because the articular cartilage and syno¬ 
vial membrane cannot be evaluated and subtle or delayed 
changes in the subchondral bone may be missed/ i: 
When a lesion is identified, radiography often underesti¬ 
mates the full extent of the changes involving the glenoid 
cavity and the humeral head. Also, because confusing 
air shadows may be evident for several hours after intra¬ 
synovial anesthesia, it is recommended that 6 to 8 hours 
should elapse after the injection and before the radiogra¬ 
phy is done. 6. Radiographic changes identified in one 
report in horses with subtle lesions in the SHJ included 
glenoid sclerosis, focal glenoid lysis, glenoid cysts, and 
alteration in the humeral head contour.' In another re¬ 
port, a flattening of the glenoid without changes in the 
contour of the humeral head was seen in Shetland pon¬ 
ies/ Other radiographic changes associated with arthri¬ 
tis include osteophyte and enthesiophyte formation. 
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Figure 8.352 Cranial-caudal oblique view showing a luxation of 
the SHJ Note that the humeral head does not articulate with the 
glenoid. 


rection of the luxation.' 1 Ultrasound examination may 
also be used to assess the extent of injury to the soli 
tissues supporting rhe SHJ. 

Treatment 

Ideally, the luxation should he corrected as soon as 
possible. General anesthesia is required in most cases, 
although there is one report of correction of a SHJ luxa¬ 
tion using sedation in a 5-day-old foal with multiple joint 
laxity. 7 In all cases, the anesthetic induction should be 
assisted to avoid further damage to the soft tissues or 
joint. A sling was used to confine and support one horse 
with SHJ luxation before general anesthesia was in¬ 
duced. 4 

For foals, it is possible to pull the affected limb into 
extension while an assistant pushes or pulls the humeral 
head hack into position. The foal may have to be stabi¬ 
lized with counterpressure applied to the chest or axilla. 
A mature horse can be placed in lateral or dorsal recum¬ 
bency. In lateral recumbency, the body can be anchored 
to a fixed object and a tension-creating device attached 
to the radius or pastern region is used to apply traction 
while the operator forces the shoulder hack into position. 
When a calving jack is used, the counterpressure (tail) 
portion of the jack can be placed against rhe sternum. 1 *' 
If rhe horse is placed in dorsal recumbency, a hoist can 
be used to apply traction, and the body weight is suffi¬ 
cient to provide the counterweight. 12 An audible dick 
may be heard when the humeral head is reduced, after 
which it should be possible to freely manipulate the 
joint. 1 * 8 


In acute cases, reduction may be accomplished 
Quickly. Reduction in one case of SHJ luxation was read¬ 
ily achieved in a pony while the affected limb was being 
manipulated to position the anesthetized patient. 1 In 
more chronic cases, reduction may require 30 minutes 
of gradually increasing the traction along with limb ma¬ 
nipulation. ** Arthroscopic examination of the SHJ after 
closed reduction may improve the outcome, particularly 
if there is evidence of bony debris within the joint on 
radiography. 4 A radiograph should be taken of the SHJ 
after rhe reduction is complete. 

Recovery from anesthesia should be assisted in all 
cases. After recovery, the horse should have strict stall 
rest for 2 months to allow healing of rhe joint capsule 
and surrounding soft tissue structures.' Phenylbutazone 
is usually administered for 10 to 14 days to reduce in¬ 
flammation and encourage ambulation of the horse. 
Then the horse is evaluated for suitability for free exer¬ 
cise and subsequent riding. Recurrence of the luxa¬ 
tion—common in dogs—does not appear ro be a prob¬ 
lem in horses. 12 

For subluxation, stall rest is recommended for 6 
weeks and phenylbutazone should be administered at a 
low dose for 10 days. Hand-walking exercise (5 minutes 
twice a day for 5 days a week) is begun after rhe 2nd 
week. The exercise period is increased by 2.5 minutes 
per week until rhe 6-week follow-up. At that time the 
lameness should have improved appreciably and the con¬ 
trolled exercise program can be accelerated. Reports of 
further follow-up were not available at the time of this 
writing. 


Prognosis 

The prognosis for SHJ luxation is considered good 
for return to soundness after closed reduction and an 
adequate rest period when there is no complicating frac¬ 
ture. All 6 reported horses with SHJ luxation treated 
by closed reduction returned to soundness. 1 ' 1 * 5 ’ 8,4 The 
prognosis for larger horses may also be good. One report 
described shoulder luxation in a Thoroughbred filly. 4 
The filly was sound for light work 8 months after closed 
reduction and arthroscopic examination of the joint. It 
has been suggested that the prognosis may be improved 
and more accurately predicted if arthroscopy is used 
after closed reduction. 

The prognosis for subluxation, although not well doc¬ 
umented, seems to be favorable after an adequate rest 
period, as long as other complicating factors ( fractures, 
DJD) do not exist. 
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tarly in horses sustaining a penetrating wound that 
causes a comminuted fracture.■• 6 * K As would be ex¬ 
pected, a higher incidence of suprascapular nerve injury 
occurs after fractures of the neck of the scapula. Injury 
to the subscapularis nerve and brachial plexus is a rare 
complication associated with fractures of the scapula. 

Causes 

Scapular fractures can be caused by direct trauma, 
such as would occur front a kick by another horse or 
from running into a fixed object. Fractures of the scapula 
can also occur from falls during racing or jumping.** 6 
Fractures resulting from race falls at high speeds tend 
to be comminuted.* Penetrating wounds to the lateral 
shoulder region can also cause fractures of the scapula's 
spine.** 6 

Signs 

Horses frequently present with a history of trauma 
and with signs of lameness, ranging from mild to non- 
weight-bearing. 1 * 2 * 7 * 8 Horses with an acute fracture of 
the scapular spine usually exhibit focal swelling, will 
bear weight, and will exhibit a mild to moderate lame¬ 
ness at exercise. Deep palpation over the fracture site 
typically elicits a painful response. Evidence of penetrat¬ 
ing wound may be present, Chronic cases of scapular 
spine fractures may present with a draining tract or a 
history of rhe development of a recurrent draining tract 
as a result of a penetrating wound and sequestration of 
bone fragments. 2,6 


Horses with fractures of the body or neck of the sca¬ 
pula usually are initially reluctant to bear weight, have 
difficulty advancing the affected limb, and have swelling 
over the fracture site. Deep palpation and limb manipu¬ 
lation generally elicits a painful response. 1 ‘* M Crepita¬ 
tion may be difficult to appreciate because of the large 
muscle masses assticiated with the shoulder and the 
swelling, but it is apparent in some cases. Fractures of the 
scapular neck may also result in secondary suprascapular 
nerve injury and sign of paresis. 

Within a few* days after the fracture the swelling may 
migrate distad and he most prominent in the axilla and 
proximal antebrachium (Fig. 8.356). 1 torses treated with 
NSAIDs may be willing to bear weight, even if they have 
a comminuted articular fracture; however, they will still 
have difficulty advancing the limb (Fig. 8.356B1. Chronic 
cases of more than 3 weeks* duration usually exhibit 
some degree of atrophy of rhe muscles in the shoulder 
region and proximal antebrachium (Fig. S.3 5 ~\i. 7 As time 
passes, the swelling may become more apparent in the 
lateral shoulder region as a result of muscle atrophy, 
healing soft tissues, and callus formation. At exercise, a 
swinging and a support limb lameness is observed. 
Horses sustaining these fractures should also be assessed 
for problems such as fractured ribs and imr.nhoracic 
trauma. 4 

Diagnosis 

Radiographs of the region arc needed for a definitive 
diagnosis. Medial to lateral, ventrodorsal, and oblique 
cranial to caudal projections reveal most fractures of the 




Figure 8.356 A. Note the swelling of the left axilla and proximal 
antebrachium (arrow) in this horse with a non-weight-bearing lameness as 
a result of trama sustained 3 days earlier. B. The lateral view reveals a 
comminuted articular fracture of the neck of the scapula. 
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that 4 horses had comminuted fractures and 6 horses 
were between 3 and 13 years of age.' 

Anatomically, the supraglenoid tubercle serves as the 
proximal attachment for the biceps brachii muscle and 
two glenohumeral ligaments, which support the SMJ. 6 
The coracoid process, which is the medial projection of 
the tubercle, serves as an attachment for coracobrachialis 
muscle. The SGT and the coracoid process develop from 
a single center of ossification and fuse with the cranial 
portion of the glenoid cavity and the main body of the 
scapula at H) to 12 months of age. 6 Because the fracture 
plane often courses along this growth plate, this fracture 
may result from a separation of the physis of the supra- 
glenoid tubercle in young horses. 

Causes 

Fracture of the SGT is most frequently associated with 
trauma to the cranial shoulder region. Because of its su¬ 
perficial locarion, it appears that the SGT is most suscep¬ 
tible to injury. In two reports, six of nine horses and 
three of five horses with SGT had a history of falling 
or direct trauma to the shoulder. 3,, ° Overflexion of the 
shoulder leading to increased tension on the biceps 
brachii and coracobrachialis tendons that attach to the 
SGT has also been proposed as a mechanism for this 
fracture. 1,11 Fracture of the SGT has occurred in several 
horses with suprascapular paralysis after surgical re¬ 
moval of a j>iece of bone from the cranial border of the 
scapula. 2,1,12 

Signs 

A history of trauma resulting in severe lameness that 
improves rapidly is common, 3 -'* 10 This rapid improve¬ 
ment may be the reason that the fracture is sometimes 
not initially diagnosed; recognition of the problem some¬ 
times occurs only after the horse remains lame longer 
than expected or when muscle atrophy becomes promi¬ 
nent. In a report on nine cases of SGT fracture, the dura¬ 
tion of lameness before referral ranged from 5 weeks to 
18 months. 1 In another report of five cases, the duration 
of lameness before recognition of the problem ranged 
from 2 months to 1 year. 10 

In acute cases, swelling is usually apparent over the 
point of the shoulder, and palpation generally elicits a 
painful response (Fig. 8.358). Crepitation may also be 
appreciated. At a walk, the horse typically retains the 
ability to extend the SHJ, but the cranial phase of the 
stride is markedly shortened. A grade 3 to 4 (out of 5) 
lameness is common in the acute phase. Eventually, 
swelling over the point of the shoulder diminishes and 
palpation may reveal a firm nonpainful swelling over the 
point of the shoulder. 3 In some cases, movement of the 
tubercle can be perceived. 

Some degree of muscle atrophy is usually apparent in 
chronic cases (Fig. 8.359). In one report of nine chronic 
cases, all horses presented with some muscle atrophy in¬ 
volving the muscles of the shoulder region, including the 
supraspinatus, infraspinatus, pectoral, and triceps, 3 
Some horses may also exhibit signs of suprascapular or 
radial nerve paralysis. Intraarticular anesthesia of the 
SI ij may not improve the lameness. 3 



Figure 8.358 Note the swelling at the left shoulder (arrow) in 
this horse 5 days after it sustained a fracture of the SGT. 


Diagnosis 

Radiography is required to make a definitive diagno¬ 
sis of the fracture (Fig. 8.360). Generally, the fracture is 
simple or comminuted and intraarticular (Fig. 8.361). 
Comminuted fractures were reported in 5 of 16 horses 3 
and 5 of 19’ horses in two studies. In another report, I 
of 5 horses had a nonarticular fracture of the SGT. 10 
Calcification of the biceps tendon may also be associated 
with the fracture. 3 EMG studies are needed in some cases 
to rule out neurogenic atrophy of the affected muscles. 

Treatment 

Several options can be considered for management of 
SGT fractures. The approach depends on the nature and 
duration of the fracture, economics, and the expectation 
of performance level. 

Conservative management consists of the administra¬ 
tion of NSAlDs and 3 to 4 months of stall rest followed 
by 6 to 9 months of pasture turnout. Horses with nonar¬ 
ticular or minimally displaced intraarticular fractures re¬ 
spond best to this approach and may be able to return 
to their intended use. 3 ‘ 3,, ' , Unfortunately, most horses 
with intraarticular fractures that are treated conserva¬ 
tively remain lame from the secondary DJD that develops 
from fracture fragment nonunion and incongruity of the 
joint surface at the fracture site. One review of the out¬ 
come of 19 horses treated conservatively found that 10 
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Figure 8.359 Note muscle atrophy associated with a 
fracture of the SGT that had gone undiagnosed for 6 weeks The 
point of the shoulder overtying the fracture appears enlarged 
(arrow). 





Figure 8.380 Lateral view of a displaced nonarticuiar fracture 
of the SGT. 


horses were euthanatized, 7 improved (4 were pasture 
sound, 3 returned ro performance), and 2 were lost to 
follow-up . 3 * 5 * 8,10 

Surgical management of horses with SGT fractures 
consists of either surgical removal of the fragment or 
internal fixation with or without transection of the bi¬ 
ceps brachii tendon. The goal of surgery is to prevent 
the development of secondary DJD caused by joint in¬ 
congruity. 

Removal of the fragment involves dissection of the 
tendinous attachments of the biceps brachii and coraco- 
brachialis muscles off the SGT, The rationale for the ex¬ 
cision of the fragment is decreased pain created by frac¬ 
ture movement and prevention of further joint damage 
that develops from impingement of the fragment on the 
articular surface of the humeral head. 1 ' Surgical excision 
of the SGT appears to be best suited for chronic cases and 
for comminuted articular fractures. 10,12,11 1n one report, 
four of seven horses returned to performance, including 
one racing Thoroughbred that had a successful career at 
a reduced performance level. 1 Caudal luxation of the 
scapula occurred in one horse. 

Several methods of internal fixation, consisting of var¬ 
ious combinations of interfragmentary compression 
with lag screws and tension band wires, have been used 
(Fig. 8.362). Cancellous bone screws placed in lag fash¬ 
ion across the fracture gap was reported to be unsuccess¬ 
ful in two horses/ Internal fixation using Kirschner 
wires in combination with cerclage wire placed in a fig¬ 
ure eight pattern to stabilize the fracture fragment was 
used successfully in one case/ Stab incisions made 
through the tendon of the biceps brachii muscle to place 
bone screws in a lag fashion was also used successfully/ 

The overall limited success, particularly in heavily 
muscled horses, associated with internal fixation has 
been attributed to the fact the porous bone in the scapu¬ 
lar neck does not hold the screws adequately, fracture 
reduction is difficult, and fixation fails owing to the ten¬ 
sion exerted by the biceps brachii tendon. 1-3 Partial or 
complete transection of the biceps tendon has been advo¬ 
cated to eliminate the tension on the fracture fragment 
and to prevent implant and bone failure. In one report, 
lag screws in combination with cerclage wires and partial 
tenotomy of the biceps brachii tendon for two-thirds of 
its diameter was used successfully in a 355-kg Thorough¬ 
bred. 1 Despite the clinical success, one of two 6.5-mm 
cancellous bone screws and one of two 1.25-mm cerclage 
wires failed 5 months postopcratively, suggesting that 
the transected tendon was still able to exert substantial 
tension on the fracture site. In another report, bone 
screws placed in lag fashion and complete tenotomy of 
the biceps brachii tendon was used to successfully treat 
SGT fractures in three horses.* The horses ranged in age 
from 8 months to 2 years, and they weighed 300 to 400 

kg* 

At this time, internal fixation with complete transec¬ 
tion of the biceps brachii tendon appears to be the best 
approach for managing acute simple articular fractures 
of the SGT. 

Prognosis 

A good prognosis for return to performance can be 
expected for conservative management of horses that 
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Figure 8.361 A, Lateral view revealing a large displaced articular 
fracture of the SGT, B. Lateral view of a chronic displaced fracture of 
the SGT, Note the remodeling of the fracture’s edges (arrow) 



Figure 0.362 Internal fixation with lag screws was used in the 
horse shown in Figure 8.361 (Courtesy of G. Baxter) 


have nonarticular fractures or minimally displaced artic¬ 
ular fractures of the SGT.* The prognosis for conserva¬ 
tive management is poor to return to athletic soundness 
for horses that sustain simple or comminuted displaced 
articular fractures, but pasture soundness is possible in 
some. 5,5 

The prognosis after surgical excision of the fractured 
SGT is better than that achieved with conservative man¬ 


agement for return to performance in horses with dis¬ 
placed simple or comminuted articular fractures and for 
chronic articular fractures, 1,5,10,15 As noted earlier, four 
of seven horses treated with surgical excision of the frac¬ 
tured tubercle returned to performance, including one 
racing Thoroughbred. 1 

The prognosis after internal fixation appears better 
than that achieved with conservative management for 
return to performance of horses with acute simple dis¬ 
placed articular fractures of the SGT. 1,5,4 Presently, the 
prognosis appears best if a combination of internal fixa¬ 
tion and complete transection of the biceps brachii ten¬ 
don is used for simple acute fractures. In one report, all 
three horses treated by this method were sound for their 
intended use with a good cosmetic result 6 months after 
surgery. 5 
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RUPTURE OF THE SERRATUS VENTRALIS 
MUSCLES 

Rupture of the serratus vcntralis muscles is a rarely 
reported condition in the horse. 2 ’ 5 These muscles are 
large, paired, fan-shaped, and lie in the lateral thorax 
and cervical regions. The cerv ical part of each fan-shaped 
serratus ventral is arises from the last four cervical verte¬ 
brae; the thoracic part originates from the first eight or 
nine ribs. The two parts of the muscle converge to their 
respective insertions on the proximal cranial and caudal 
areas on the medial surface of the scapula and the adja¬ 
cent scapular cartilage. Elastic lamellae from the dorso- 
scapular ligament penetrate these attachments. The con¬ 
tralateral muscles form a support, suspending the thorax 
between the forclimbs. While the horse is standing, con¬ 
traction of both muscles elevates the thorax. Contraction 
of one muscle shifts the weight of the trunk to that side. 
The neck is also pulled to one side or, if both muscles 
arc contracting, the neck is extended. During locomo¬ 
tion, the cervical part of the serratus venrralis pulls the 
dorsal border of the scapula craniad; the thoracic part 
then acts to pull the scapula caudad (see Chapter I), 
When rupture of the serratus vcntralis muscle occurs, 
both left and right paired muscle groups are usually in¬ 
volved. 2 

Causes 

Dorsal impact trauma over the withers and neck can 
lead to rupture of the serratus venrralis muscles. 2 * 3 It is 


also reasonable to believe that a horse could sustain such 
an injury from jumping over a high fence or from jump¬ 
ing off an elevated platform. 1 

Signs and Diagnosis 

After rupture of these muscles, the thorax drops be¬ 
tween the paired scapulae and the dorsal borders of the 
scapulae assume a position above the thoracic spinous 
processes. In most instances, the croup appears higher 
than the withers. When examined right after the rupture 
occurs, these horses are in extreme pain. 1,2 

The diagnosis is made from the history and clinical 
signs. Radiographs should be taken of the withers region 
to rule out the possibility of fractures of the dorsal spi¬ 
nous processes. 

Treatment 

If treatment is attempted, the horse should be placed 
in a sling support for 30 to 45 days. NSAIDs should be 
administered if the horse is in acute pain. 1 Even after a 
prolonged convalescence and after healing has occurred, 
the withers will be lower than the scapula. 

Prognosis 

A poor prognosis is given if the serratus ventraiis mus¬ 
cle is completely ruptured. 1,2 
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THE TARSUS 

Kenneth E. Sullins 


The tarsus accounts for most hindlimb lameness in 
performance horses. Particularly when bilateral hind- 
limb lameness is present in athletes, the hocks should be 
suspected. However, the presence of bilateral hindlimb 
lameness may obscure the primary problem, particularly 
to horse owners. The degree of pain may be sufficiently 
symmetric that neither hindlimb demonstrates typical 
clinical signs of pain. In these horses, unilateral local 
anesthesia causes the problem to become more apparent. 
Performance horses, especially those that must work 


while collected, may exhibit back muscle pain owing to 
a functional spasm from the altered gait caused by the 
hindlimb pain. Occasionally, it is necessary to rest the 
horse and treat the back pain before a lameness examina¬ 
tion is possible. 

Excessively straight or curhy conformation or angular 
deformity could make the tarsus the first aspect to rule 
out in younger horses as well. Substantial pathology can 
exist in the distal tarsal joints, despite an outwardly nor¬ 
mal appearance. Conversely, the distal tarsal joints can 
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be the cause of lameness without apparent radiographic 
abnormality, which can make tarsal lameness challeng¬ 
ing to diagnose. 

Tarsal lameness is usually exacerbated by hindlimb 
flexion (spavin test). Ideally, a digital flexion test and 
stifle flexion test (see Chapter 3) are performed to ascer¬ 
tain that component of the pain, because all the joints 
of the hindlimb are flexed along with the tarsus. When 
performing the hindlimb flexion test, some clinicians 
prefer to hold the foot to prevent pressure on the fetlock; 
others prefer to cradle the fetlock passively to prevent 
pressure on the metatarsal flexor structures and avoid 
excessive digital flexion. Consistency is the most impor¬ 
tant consideration. (See Chapter 3 for a discussion of a 
lameness examination.) 

Tarsometatarsal (TM)or distal intertarsal (DIT) joint 
synovitis does not result in externally visible synovial 
effusion, because of tight soft tissue investment. Synovial 
effusion may be inferred by a release of synovial fluid 
for an impressive distance through a needle placed for 
intparticular anesthesia (see Chapter 3). However, the 
ensuing intraanicular anesthesia may not completely re¬ 
lieve the lameness, casting doubt on the clinical signifi¬ 
cance of the increased synovial fluid. The TM and DIT 
joints should be anesthetized separately because they do 
not always communicate, and lameness may he emanat¬ 
ing from only one of the joints. 

The proximal intertarsal (PIT) joint is located within 
and thus communicates with the tarsocrural joint; it is 
alone an uncommon cause of lameness. PIT joint inflam¬ 
mation should be reflected in tarsocrural effusion, and 
persisting PIT synovitis places the more mobile tarso¬ 
crural joint at risk of osteoarthritis. However, tarso¬ 
crural effusion does not always accompany PIT disease, 
so radiographic signs of PIT disease without tarsocrural 
effusion may require a closer evaluation. 

Most tarsocrural pathology is accompanied by syno¬ 
vial effusion (bog spavin). Synovial effusion may persist 
for years in successfully working horses that may not 
have radiographic signs of disease. Some such horses ac¬ 
tually have no grossly apparent pathology and may re¬ 
main sound. Horses that have mild, but clinically signifi¬ 
cant, disease that they have been working through 
eventually become more lame as osteoarthritis advances. 

It is important to differentiate between tarsocrural sy¬ 
novial effusion and periarticular edema. Although the 
two may exist concurrently, they signal different situa¬ 
tions. Congruity of the tibial tarsal bone with the distal 
tibia may allow weight bearing despite substantial sup¬ 
porting soft tissue damage. Swelling and lameness exces¬ 
sive for their apparent anatomic explanations should be 
critically evaluated for collateral ligament integrity. Ul¬ 
trasound and radiographic examinations conducted 
while stressing the medial and lateral collateral ligaments 
may be necessary. 

Complete evaluation of the tarsus includes radiogra¬ 
phy. A routine radiographic examination of the tarsus 
should include the dorsoplantar (DPI), dorsolateral, 
plantaromedial oblique (DLPLMO), dorsomedia), plan- 
tarolateral oblique (DMPLLO), lateral medial (LM), and 
flexed lateral medial (Fl.M) views. Some clinicians use 
two DPI views. In one, the beam is centered on the tibial 
tarsal bone; and in the other, the beam is centered on 
the central tarsal bone. This permits better evaluation at 


each level. 2 Depending on history or clinical signs, the 
flexed tangential or oblique flexed tangential view r s are 
required to demonstrate lesions on the caudal extremes 
of the trochlear ridges or margin of the tarsal canal. 

Nuclear scintigraphy is sometimes useful to confirm 
distal tarsal joint involvement, particularly in cases in 
which only partial relief of lameness occurs after intraar- 
ticular analgesia of the distal tarsal joints and there are 
no apparent radiographic changes. MRI offers detailed 
anatomic imaging of the tarsus. Unfortunately, its avail¬ 
ability remains limited (see Chapter 4 for more informa¬ 
tion). 
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DISTAL TARSAL SYNOVITIS AND 
OSTEOARTHRITIS (BONE SPAVIN) 

Bone spavin (true spavin; jack spavin) is an osteoar¬ 
thritis and periostitis that involves the distal intertarsal, 
tarsometatarsal, and occasionally the proximal intertar¬ 
sal joints (Fig. 8.363). Distal tarsal osteoarthritis more 
accurately describes the condition (Fig. 8.364 ).**' 5,17 * 20, 
2241-333<.42.45 j)| Sta j tarsal osteoarthritis is considered 
to be the most common cause of tarsal lameness. 44 4 s 
Only 7.2% of a series of 3566 horses failed to possess 
radiographic indicators of osteoarthritis. 61 However, 
these radiographic signs did not correlate with lameness 
or athletic ability, a fact that may confound prepurchase 
examinations. Of 119 horses undergoing scintigraphy 
for lameness, 44% demonstrated distal tarsal activity. 41 
Half of 52 horses diagnosed with distal tarsal osteoar¬ 
thritis as the primary problem demonstrated uptake bi¬ 
laterally. An additional 21% showed distal tarsal up¬ 
take, which was considered additional to the primary 
lameness. 

Occult spavin, or blind spavin, has the same clinical 
features of osteoarthritis but lacks physical or radio- 
graphic evidence. However, scintigraphic evidence of 
distal tarsal inflammation may he present. 41 Occult 
spavin and distal tarsal osteoarthritis should be consid¬ 
ered different stages of the same process, in which syno¬ 
vitis results from radiographically mapparent cartilage 
lesions that can be found at necropsy; 1,4 *' support is pro¬ 
vided by the observation of increasing radiographic signs 
that correlate with the degree of physical deformity and 
lameness." In addition, desmitis of the intratarsal liga¬ 
ments can produce lameness. 1 However, despite persis¬ 
tent lameness, some horses fail to develop the radio- 
graphic signs of osteoarthritis. 1 * 20 Other horses 
diagnosed with blind spavin may recover completely 
once treated appropriately. 

Distal tarsal disease is most frequently observed in 
mature horses rhat are ridden hard at a gallop and canter; 
horses that jump; and Western horses used for reining, 
roping, and cutting. 1 * 20 Icelandic horses may have a pre¬ 
disposition for the disease. In a series of 379 horses, 12% 
were lame in the hindlimb and 25% were lame after 
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Figure 8.363 Dorsal view of the right tarsus and proximal 
metatarsus. The joints most commonty affected by bone spavin 
are the distal mtertarsal joint (between Tc and T3) and the 
tarsometatarsal joint (between T3 and Mt III). The proximal 
intertarsal joint (between Tc and the talus) communicates with the 
tarsocrural joint (not shown). 1, tuber calcts; Tf. fibular tarsal bone 
(calcaneus); T4, fourth tarsal bone; 3, vascular canal; Mt IV, 
fourth metatarsal bone; 4, groove for great metatarsal artery; Tt, 
tibia! tarsal bone (talus); 2, distal tuberosity of the talus; Tc, central 
tarsal bone; T3. third tarsal bone; Mt III. third metatarsal bone 
(Reprinted with permission from Sisson S. Grossman JD. The 
skeleton of the horse tn; Grossman JD, Ed. Anatomy of Domestic 
Animals. 4th ed. Philadelphia; WB Saunders, 1953; 119.) 





Figure 8.364 Dorsal view of the right distal tarsal |oint$ 
showing bone spavin Arrows, the medial aspects of the distal 
intertarsal and tarsometatarsal joints. (Courtesy of T. S. Stashak.) 


hindlimb flexion. 5 Radiographically evident osteoarthri¬ 
tis was present in 23% of the horses, but only half of 
those horses were lame. In other words, twice as many 
horses had radiographic changes rhan were lame. No 
diagnostic anesthesia was reported. 

Causes 

Repeated compression and rotation of the tarsal 
hones and excessive tension on the attachment of the 
major dorsal ligaments arc thought to be prominent in 
the development of this disease. 50,51 Rooney and 
Turner 4 suggest that shear owing to asynchronous 
movement of the tarsal bones predisposes the animal to 
osteoarthritis. They further suggest a difference in patho¬ 
physiology between DIT and TM disease. Horses work¬ 
ing routinely with the hocks in a flexed position (e.g., 
jumpers and pulling horses) are proposed to develop DIT 
arthrosis, whereas horses working in a more straight- 
legged position (e.g.. Thoroughbreds or horses short- 
strided owing to lameness) are proposed to be prone to 
TM disease. A review of distal tarsal osteoarthritis in 
horses that jump made no distinction between DIT and 
TM disease. 411 A study of Icelandic horses reports envi¬ 
ronmental factors, such as type and severity of work, do 
nor affect the incidence and that tarsal angle and age 
were more important. Incidence was also related to cer¬ 
tain sires. 4 

Conditions that disrupt the most fluid motion possi¬ 
ble for a horse cause shear and rotaticin within the limb. 
Of 42 racing Thoroughbreds diagnosed with tarsal os¬ 
teoarthritis, 85% wore shoes with elevations of the lat¬ 
eral or both heels, and hoof balance and flat shoes were 
components of the treatment in 27 horses that improved 
noticeably. Many of the horses in the study were affected 
with more rhan spavin. 40 

Distal tarsal osteoarthritis is commonly associated 
with poor conformation. Sickle hocks and cow hocks 
redispose a horse to osteoarthritis. 1 Sickle and cow 
ocks produce greater stress in the medial aspect of the 
hock joint. These two, often coexisting, malconform¬ 
ations and perhaps others make predisposition to osteo¬ 
arthritis inheritable. Horses with narrow thin hocks are 
more subject to the disease than those with full well- 
developed hocks. However, many affected horses have 
none of these conformational defects. 

1 agree with others 59 ’' 60 that the local stresses from the 
type and difficulty of the work play an eaual or overrid¬ 
ing role in the pathogenesis of osteoarthritis. Further¬ 
more, specific injury affecting the distal tarsal joints un¬ 
related to type or work or conformation must be 
considered. Unilaterally affected horses in particular 
may fall into this category. Once acquired, treatment 
and outcome of injured horses may not differ from those 
affected from any other cause. However, horses that 
have not sustained articular cartilage damage tend to 
recover well, because their work routine may nor con¬ 
tinue to aggravate the situation. 

Signs and Diagnosis 

Usually there is a history of gradual onset of lameness. 
However, bilateral lameness may have been progressing 
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for some time before a problem is noticed. If the horse 
is worked hard for several days, the lameness usually 
worsens and may improve wirh rest. Hunters may begin 
to jump poorly or refuse to jump at all, w Reining horses 
begin to pivot and stop poorly because of pain. In some 
cases, horses refuse to pivot to the affected side and ex¬ 
hibit their objection by laying their ears back or begin¬ 
ning to buck. Horses that must stop quickly often cheat 
by placing the greatest amount of weight on the least 
affected limb, which often results in a jerky slide stop 
because of reluctance to firmly plant the feet. The horse 
may feel stiff or jerky when circled to the affected side, 
and it may refuse to be put in the opposite lead. 14 

Lameness tends to be worse when the horse is first 
used; but horses with mild spavin tend to warm out of 
the lameness after working a short time. However, in 
severe cases, exercise may aggravate the lameness. Rac¬ 
ing Thoroughbreds frequently present slightly younger 
(3 year olds) than other breeds and tend to have multiple 
problems, which are probably related to the stresses of 
the speed at which they work. Most of a scries of 89 
horses eventually diagnosed with distal tarsal osteoar¬ 
thritis presented with a primary complaint other than 
hind limb lameness. 40 Associated findings included fore 
fetlock and carpal disease, hack pain, and forefoot pain. 
It could he argued that the high incidence of forelimb 
problems occurred secondarily to hindlimh pain. Only 
20% of the horses with distal tarsal osteoarthritis were 
unaffected by other sources of lameness. 

Distal tarsal osteoarthritis often causes an enlarge¬ 
ment on the medial aspect of the hock (Fig. 8.365). The 



Figure 6.365 Right tarsus of a horse with bone spavin Note 
the thickening on the dorsomedial aspect of the tarsus, which ts 
caused by osteophyte and fibrous tissue production (arrow). The 
radiographic changes may not be as large as the external growth 



Figure 8.366 For hindiimb flexion test, the limb is flexed for 60 
to 90 seconds to exacerbate lameness that may be caused by 
synovitis. All joints from coffin to hip are affected, and soft tissue 
that is stretched may also be affected. The limb should be 
supported either behind the fetlock or grasped at the bottom of the 
hoof (helpful for tall horses) and positioned with the metatarsus 
parallel to the ground and beneath the horse. Abduction is usually 
not tolerated by the horse (Courtesy of T. S. Stashak) 


enlargement is sometimes difficult to detect visually, es¬ 
pecially if bilateral spavin is present or if the horse nor¬ 
mally has large boxy hocks. When standing, the horse 
may flex rhe hock periodically in a spasmodic manner. 
A mild to moderate hindiimb lameness (sec Chapter 3) 
is usually observed, and it worsens after hindiimb flexion 
for 1 to 2 minutes (spavin test) (Fig. 8.366). The horse 
is often unwilling to flex rhe hock in its normal gait, 
causing a reduction in the height of the foot flight arc 
and a shortening of the cranial phase of the stride. The 
foot lands on the toe; and over time, the toe becomes 
too short and the heel too high. Because of the lower arc 
of the foot flight, some horses may drag the toe, causing 
it to wear on its dorsal edge. Possibly because of dor- 
somedial pathology associated with the distal rarsal 
joints, some horses swing the foot axially and land on 
the lateral hoof wall in a tightrope fashion, which tends 
to reduce dorsomedial compression of the limb. 

It is advisable to conduct the flexion test on both hind- 
limbs for comparison or for diagnosis of bilateral osteo¬ 
arthritis. I prefer to flex the least affected hindlimh first, 
because the more severely affected limb may retain the 
inflicted lameness, complicating further examination. 
The disease is often bilateral, and flexing the apparently 
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unaffected limb may elicit a positive response or may 
cause the hindlimb gair to even out (as a result of more 
evenly distributed pain). 

Horses that have swelling caused by periarticular 
changes from osteoarthritis are likely to be clinically af¬ 
fected, unless the joints have ankylosed; hut reliance on 
external appearance and response to flexion test alone 
is ill advised (Fig. 8..565). Hindlimb Sameness, positive 
flexion tests, reduced arc of the foot flight, reduced flex¬ 
ion of the hock, and wearing of the toe are all used in 
the diagnosis. Local infusion of the distal tarsal joints 
with local anesthetics is most helpful in localizing the 
source of the lameness (sec Chapter 3), It mav be expedi¬ 
ent to evaluate the hocks first in horses displaying bilat¬ 
eral hindlimb lameness that arc predisposed to distal tar¬ 
sal lameness by their breed and line of work, 
lmraarticular anesthesia of the distal tarsal joints will 
not obscure the remainder of the lameness examination 
if it proves to have no effect. 

Communication between a substantial percentage of 
TM and DIT joints has been demonstrated. 21 , 29 ,-** j-j ow . 
ever, communication of the joints in an individual horse 
is unknown at the rime of examination. Since treatment 
of distal tarsal inflammation may be required for a pro¬ 
tracted period of time, it is desirable to know exactly 
which joints are causing pain. If there is doubt that both 
distal tarsal joints are involved, separate imraarticular 
anesthesia facilitates the design of a long-term treatment 
plan. 

Injection of the TM and DIT joints is described in 
Chapter 5. Each joint typically holds 4 to 6 ml. before 
resistance is encountered and the horse begins to object. 
It may be difficult to place the needle in severely degener¬ 
ated joints, and diffusion of the anesthetic may he im¬ 
paired as a result of obliteration of the joint spaces, 
which may cause an incomplete response to the intraar- 
ticular anesthesia. Observing the horse after 30 to 45 
minutes may demonstrate a more positive response to 
the block. Some clinicians prefer specifically to block the 
cunean bursa in this situation. In the absence of other 
findings, the final diagnosis may have to lx- postponed, 
pending response to therapy. 

Blocking of the caudal tihial and deep peroneal nerves 
is a reasonably accurate diagnostic method. However, 
other structures in addition to the distal tarsal joints are 
blocked. Furthermore, confirmation of complete analge¬ 
sia is difficult, and desensitization of such a large portion 
of the limb occasionally alters the horse’s movemenr. For 
horses that have undergone tihial and peroneal analge¬ 
sia, I prefer to jog (or at least stop) them on grass for 
surer rooting. If the blocks in and above the tarsal region 
follow a complete stepwise distal to proximal blocking 
session, it is advisable to perform the high metatarsal 
block using a long-acting local anesthetic, such as bupi- 
vacaitie. Pain or dysesthesia from the blocks wearing off 
and pain from the injections render the lameness exami¬ 
nation worthless. 

Radiographs are useful for an accurate diagnosis and 
prognosis. The x-ray beam must be centered accurately 
to allow evaluation of the distal tarsal joint spaces, and 
some horses simply have joint surfaces that are too 
curved to demonstrate the typical lucency. PIT disease 
may be reflected more often medially. However, few 
adult performance horses have clean tarsal radiographs. 



Figure 8.367 Subdiondral lucency owing to distal tarsal 
osteoarthritis (arrows). Horses with this radiographic sign may tare 
better after distal tarsal arthrodesis. (Courtesy T S. Stashak.) 


and horses with significant radiographic changes may 
not he lame. 5 * 43 Radiographic evidence of osteoarthritis 
usually begins on the dorsomedial surfaces of the TM 
and DIT joints, hut destructive changes often eventually 
involve the dorsal surface of these joints. The PIT joint is 
less commonly affected. However, of 60 Icelandic horses 
with distal tarsal osteoarthritis, the 25% that were most 
severely lame had PIT disease/ 4 

Early radiographic changes include marginal hone 
lysis and cyst formation in the adjacent subchondral 
hone (Fig. 8.367). As the lesion progresses, irregular sub¬ 
chondral bone atrophy may cause the (oirit spaces to 
appear widened. As the cartilage degenerates, the joint 
spaces may narrow and marginal osteophytes and sub¬ 
chondral sclerosis develop (Figs. 8.368 to 8.370). After 
several months, complete ankylosis may occur (Fig. 
8.368). In others cases, even after prolonged periods of 
time, only minimal degenerative changes are observed. 1 " 
If ankylosis occurs, the lameness may be abolished. 

A series of 4186 Warm blood and Standardbred 
horses revealed sufficient radiographic changes in sound 
horses to cause the authors to relv heavily on the clinical 

- - m * 

situations” Conversely, significant lameness can ema¬ 
nate from radiographically normal h<x*ks. Some horses 
with few radiographic signs are problematic in that the 
degeneration never progresses although they remain 
lame. Radiographic lesions usually begin on the dor¬ 
somedial aspect of the distal tarsal joints and progress 
dorsally. Some researchers believe that horses with cystic 
luccncies in their radiographs are more lame than horses 
without these signs. However, the degree of lameness 
may not be accurately reflected by any of these changes 
or lack thereof. 

Scintigraphy generally accurately detects distal tarsal 
inflammation (Fig. 8.371)/ It is most useful when the 
diagnosis is complicated by multiple problems or there 
is difficulty blocking the joints, because response to in- 
traarticular anesthesia is definitive. Of 99 horses that 
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A 

Figure 8.371 A On scintigraphic examination, the DPI view 
demonstrates intense activity in the distal medial tarsus in the 
region of the third tarsal hone. 8 DPI view showing more loss of 



joint space in the medial aspect of the DIT joint than in the 
corresponding tarsometatarsal region. Arrows, corresponding 
areas in the two panels 


Hoof management is aimed toward reducing the rota¬ 
tion and shear forces by casing breakover. My preference 
is to balance the foot and achieve a dorsal hoof angle 1 
to 2 ei steeper than the pastern and to roll the toe. As 
much foot as possible should be removed in the process 
to improve stability. Particularly in show horses, vvide- 
webbed wedged (flat) aluminum shoes help achieve the 
angle and support needed by a foot that tends to land 
unevenly. Some clinicians prefer to place a lateral exten¬ 
sion on the shoe to minimize the axial swing of the 
foot.-*' 14 Others believe that the presence of anything 
that alters the landing of the foot increases shear forces, 
which may be significant for racehorses. 21,40 

Anti-inflammatory therapy is required to resolve or 
control the pain that causes the lameness. Some horses 
with distal tarsal pain confirmed by intraarticular anes¬ 
thesia without radiographic changes can be cured with 
short-acting intraarticular medication, which often con¬ 
sists of triamcinolone (4 mg per joint) and sodium hya- 
luronate, and with corrective shoeing. Shoeing can be 
surprisingly effective for many horses once the acute in¬ 
flammation is relieved. The use of the natural balance 
trimming and shoeing techniques discussed in Chapter 
9 have proven beneficial. 

Some horses that appear to he only beginning to de¬ 
velop a chronic problem can he among the most difficult 
to treat. Ankylosis occurs faster without the influence of 
intraarticular corticosteroids; although cartilage degen¬ 
eration is hastened, healing is impaired. Generally, the 
best plan is to do the minimum required to keep the 
horse effectively at work, because more treatment will 


likely he required. A starting point includes systemic 
phenylbutazone (2.2 mg/kg BID), which can he contin¬ 
ued tor an extended period of time or given only when 
the horse will he ridden. Supporting systemic therapies 
include intramuscular polysulfated glycosaminoglycam, 
intravenous sodium hyaluronate, and oral nutraceuticals 
with a combination of chondroitin sulfate and glucos¬ 
amine. Each horse is different and requires a unique 
treatment schedule. In Switzerland, a systemic treatment 
with an extract of a medicinal plant seems to have the 
same effect as phenylbutazone.™ 

If the results of systemic drugs are insufficient, intraar- 
ticular corticosteroids are indicated. Many clinicians 
prefer methylprednisolone acetate (80 mg per joint). The 
duration of effect depends on the individual. Continuing 
systemic therapy is important, because it maximizes the 
effect and reduces the frequency of intraarticular ther¬ 
apy. When the horse responds poorly to intraarticular 
steroids, a second injection in 3 to 4 weeks is often more 
effective. Using triamcinolone (4 mg per joint) for the 
first injection and scheduling a second injection with a 
repositol product makes sense in horses that require 
long-term pain control. The addition of sodium hyaluro¬ 
nate may increase the duration of effect. 

A period of reduced (but continued) activity after 
medication usually improves the result. An exception 
would be a fit horse in work with a history of response 
to a specific therapy. The rest can be interpreted to allow 
the medication to reduce the inflammation or to facilitate 
conditioning of the supporting soft tissue structures. 21 
Reports indicate that show horses have been rested from 
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Figure 8.390 Dorsomedial. ptantarolateral view of a tarsus with 
a large distal lateral trochlear ridge defect. A large fragment has 
become separated and is attached to the joint capsule 


ments may become displaced and lodge elsewhere in the 
tarsocrural or adjacent to the PIT joint (Figs. 8.389 and 
8.390). 20 

Medial malleolus lesions are usually straightforward 
(Fig. 8.387) but should always be checked for radio¬ 
graphically inapparent cartilage defects. 2 ' Some media! 
malleolar lesions are axial and must be removed from 
the abaxial surface of the medial trochlear ridge. 2 * Much 
of the lateral malleolus is extraarticular and is an uncom¬ 
mon site for OCD. However, a lateral malleolar sub¬ 
chondral cystic lesion accompanying distal tibial OCD 
has been reported. 2 Subchondral cystic lesions may also 
occur in the trochlear ridges (Fig. 8,391), 

Radiographic findings that usually do not cause clini¬ 
cal signs include small buttons without osseous union to 
the parent hone, or dewdrop lesions (Fig. 8,392), on the 
distal end and a flattening of the ridge of the medial 
trochlear ridge (Fig. 8.393). ¥J1i However, these lesions 
may be arthroscopically evaluated or addressed in some 
cases on the owner’s request for the sake of future sale 
or if the joint is being operated on for another reason. 
Intracapsular osseous densities may be calcification or 
early fragments from OCD lesions that became embed¬ 
ded in the synovial membrane (Fig. 8.390). If they arc 
extrasvnovial, they are usually clinically insignificant. 
True distal medial trochlear ridge fractures may cause 
lameness , 20 and joints containing questionable findings 
should be evaluated if lameness is present. Synovial effu¬ 
sion accompanying such lesions may be the result of in- 
traarticular lesions that arc radiographically inapparent 
and should be investigated. 

Two reports of tarsal radiographic niontroring—one 
on 77 Standardbred foals 16 and the other on 753 Stan- 
dardbred yearlings 6 —revealed that clinically significant 
lesions are generally present at 1 year of age and rarely 




Figure 8.391 Dorsomedial, plantarolateral view of a tarsus with 
a subchondral cystic lesion in the lateral trochlear ndge (arrow). 



Figure 8.392 Laieromedial view of a tarsus depicting a 
dewdrop on the medial trochlear ndge (arrow) No treatment is 
indicated if there are no clinical signs. 
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signs of OCD achieve performances equal to or better 
than normal horses. ~ ! However, no data on the inci¬ 
dence of clinical signs or therapy during the careers of 
the horses are available. Some horses eventually had sur¬ 
gery. 21 Long-term and individual evaluation is required 
to determine the effect of racing with tarsocrural OCD 
lesions. Statistics mean little when the mature Standard- 
bred racehorse presents with tarsocrural osteoarthritis 
because of racing with OCD. 

A recent survey of radiographic lesions of OCD in 
three yearling crops of Standardbrcds (764 horses) re¬ 
vealed that horses with tarsocrural radiographic lesions 
earned less but comparable amounts to the entire 
group. 4 The study provides no specifics, but included 
horses that underwent arthroscopy. The implication is 
that arthroscopic surgery made no significant difference 
in racing success. One study revealed that horses affected 
with CHID were larger and more substantially built. 1 
Aside from surgery not impairing athletic ability, the ob¬ 
servation that OCD affects the best individuals may be 
true. 21 

Intraoperative findings of superficial cartilage fibrilla¬ 
tion apparent!) had no effect on treatment outcome. 
However, further cartilage degeneration or erosion de¬ 
creased success by 30%. Osseous densities that cannot 
be identified arthroscopically are unlikely to cause lame¬ 
ness. 20 

The prognosis for athletic activity after arthroscopic 
debridement of tarsocrural OCD is good.* In a series of 
183 horses, 76.5% performed successfully after arthro¬ 
scopic surgery. 11 Tarsocrural effusion resolved after sur¬ 
gery in 89% of racehorses and 74% of non-racehorses. 
However, effusion was less likely to resolve after surgery 
on the lateral trochlear ridge or medial malleolus. There 
was no correlation between resolution of effusion and 
athletic performance. 11 When compared to unaffected 
siblings, Thoroughbreds and Standardbrcds that had ar¬ 
throscopic removal of tarsocrural OCD fragments 
started at the same rate. However, affected horses were 
less likely to race as 2 year olds. 1 Lesion location and 
unilateral versus bilateral lesions had no effect on ability 
to start. Although the trend was present in all groups, 
only 2-ycar-old Standardbrcds were significantly less 
likely to start a race when multiple sites within the tarso¬ 
crural joint were affected. 1 - 11 ’ 
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ACQUIRED BONE CYSTS OF THE TARSUS 

Bone cysrs wirh no apparent relation to develop¬ 
mental orthopedic disease have been rarely reported in 
the distal tibia 1 ' 4 '' and distal talus adjoining the PIT 
joint, 2 


Copyrighted material 



Hidden page 



956 Adams' Lameness «n Horses 



Figure 6.395 Lateromedial view ot a mature horse with 
hourglass compression of the third tarsal hone and a slab fracture 
(black arrow). The concavity provides a stress riser for stab 
fractures In horses that work at speed. Note the osteophyte 
production owing to chronic synovitis (white arrow). (Courtesy of 
T. S. Stashak.) 


A similar fracture occurs in the right tarsus in racing 
Greyhounds and is thought to result from an oversrress 
mechanism. 1 The excessive medial stress that focuses on 
the right tarsus during counterclockwise racing is 
thought to cause the fracture. Although a similar mecha¬ 
nism has Keen considered in the horse, 6 it has not been 
substantiated in the review of 11 cases in which the right 
and left tarsi were almost equally affected. 14 No training 
effect on bone density was demonstrated after 19 weeks 
of progressive training in a group of Thoroughbreds 
compared with other horses that walked 40 minutes 
daily. 21 It is possible that the treadmill failed to duplicate 
training stresses or that the incidence of fracture is re¬ 
lated more to conformation or a specific incident than 
to training. 

Collapse of the dorsal or dorsolateral portion of the 
third tarsal bone has been described in foals; but the 
predisposition of this injury is thought to be a tack of 
bone strength related to a dysmaturity or to a metabolic 
or endocrine disorder, ,t# Younger foals tend to wedge 
the dorsal margins of the central and third tarsal bones, 
whereas older (or more mature) foals may collapse the 
more plantar portion of the bone, producing an hour¬ 
glass shape in the lateromedial or dorsoplantar, medial 
lateral oblique radiograph. 2 - 16 Once the horse is mature, 
the hourglass-shaped third tarsal bone tends to fracture 
at its narrowest point (Fig. 8.395). If the bone fragment 
separates completely and becomes displaced, an angular 
limb deformity may result. 

Signs and Diagnosis 

The diagnosis of central and third tarsal bone frac¬ 
tures can be difficult, especially w hen sw elling is minimal 


and a nondisplaced slab fracture has occurred. r ' Horses 
typica lly present w ith a history of acute onset of lameness 
associated with performance. Acute cases may assume a 
non-weight-bearing stance w r hen standing in a stall (Fig. 
8.396). Distal tarsal fractures do not exhibit external 
swelling, even though they are often displaced dorsally. 
Because there is a communication between the PIT joint 
and the tarsocrural joint, tarsocrural joint effusion is 
usual!v seen w r irh slab fractures of the central tarsal 
bone,On palpation, heat and pain, which lead to dis¬ 
comfort when pressure is applied to the dorsolateral as¬ 
pect of the distal row of tarsal bones, may be appreci¬ 
ated. 6 The acute lameness disappears rapidly, and there 
is usually no externally visible abnormality. However, a 
greater degree of lameness can be expected with ex¬ 
tremely comminuted fractures. If bilateral fractures are 
present, the horse has a wide-based crabby way of mov¬ 
ing at a jog. A marked reaction to the hock flexion rest 
is usually observed. 

The lameness may not specifically incriminate the dis¬ 
tal tarsus, Intrasynovial anesthesia of the tarsocrural 
joint or PIT or DIT joints may help, bur radiographic 
confirmation is required for a definitive diagnosis. Al¬ 
though the dorsoplantar and lateral medial projections 
are informative (Figs. 8.395 and 8.396A), the oblique 
projections help identify fragmentation and the specific 
position of the fractures. 6 - 8 *' 1,1 v Central tarsal fractures 
may be comminuted or in a more plantar location, and 
the dorsoplantar view should he scrutinized for a sagittal 
fracture (Fig. 8.397). The dorsomedial-plantarolateral 
25° oblique view' demonstrates the fracture line well. 1 

With localization of the source of the lameness and no 
definitive radiographic lesion, scintigraphy may help. 8,18 
Radiographic evidence of the fracture may not appear 
for some time after injury if the fracture is nondis- 
placed. 18 Comminution or fractures in the sagittal plane 
may not appear in routine radiographic projection. In 
some cases, a projection of 5 to 10° to either side of the 
normal angle may reveal a fracture (Fig. 8.397). Radio- 
graphic evidence of osteoarthritis is present with a tarsal 
bone fracture of long duration. 1 


Treatment 

Conservative Treatment 

Recent reports indicate satisfactory results without 
surgery, 11,18 In one series of 25 cases, horses that re¬ 
covered were restricted to the stall for 6 to 8 months. The 
fracture line remained radiographically visible in each of 
5 horses for which follow-up films were taken; this was 
not correlated with a negative result. Of 12 Standard- 
breds with available race records, 10 horses completed 
at least five races after the injury; the median number of 
starts was 47. A total of 2 of 6 Thoroughbreds and 4 
of 5 Quarter Horses returned to work. Although thick¬ 
ness of the fragment was not correlated to starts, earn¬ 
ings decreased for horses with fragments greater than 8 
mm thick. The proportion of successful cases with cen¬ 
tral tarsal bone fractures (2 of 7) was significantly less 
than those with third tarsal bone fractures (10 of 
13). 11 
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Figure 8.396 A. Lateral view of a third tarsal slab fracture. The 
medial and lateral edges of the fragment are visible B Two 



Figure 8.397 Dorsoplantar view of a tarsus with a sagittal 
fracture of the central tarsal bone (arrow), (Courtesy of J, H. 
Magid.) 


3.2-mm malleolar screws were placed to compress the fracture 

line. (Courtesy of N. A. White,) 


Surgical Treatment 

Lag screw fixation has been reported to provide the 
best chance for the horse to return to performance. 6 * 1 ^ 
" Reports note good success for returning to work 
after surgical repair of the fracture: 15 of 18 horses in 
one study and all horses in four other studies [n — I to 
4)'M.M,iV,2a Surgical repair by lag screw fixation re¬ 
quires radiographic or fluoroscopic imaging. The central 
tarsal bone tends to fracture along the dorsomedial mar¬ 
gin, and the third tarsal bone is often affected at the 
dorsal or dorsolateral margin (Fig. 8.396B). 

For unilateral fractures, the horse is positioned with 
the affected limb down for central tarsal fractures and 
up for third tarsal fractures. Dorsal recumbency is a con¬ 
sideration for bilateral fractures; but orientation could 
be more difficult, making rolling the horse during the 
procedure a factor. Screw placement can be accom¬ 
plished through stab incisions guided by needle place¬ 
ment in the joint proximal and distal to the fracture. If 
the fragment is freely moveable, a reduction forceps can 
be used to reduce and stabilize the fragment during drill¬ 
ing. My opinion is that fluoroscopy better facilitates effi¬ 
cient, accurate placement of the drill. Central placement 
of the x-ray beam is critical for accurate placement of 
the screw in the parent bone. Third tarsal bones with 
hourglass compressions are more challenging for central 
screw placement. 

Successful repairs have been reported using Associa¬ 
tion for the Study of Internal Fixation (ASIF) 4.5- and 
3.5-mm cortical screws and 4.5-mm Herbert cannulated 
compressing screws. Each requires a slightly 

different progression of drilling. Regardless of size or 
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Signs and Diagnosis 

Intraarricular fractures cause tarsocrural effusion, 
and lameness is usually exacerbated by hindlimb flexion. 
Although usually not necessary, intraarticular local anes¬ 
thesia relieves the lameness and the response to flexion. 
If blood is retrieved when the needle enters the joint, 
local anesthetic should nor he injected. The hock is radio¬ 
graphed at that time. Radiographic examination is re¬ 
quired to make a definitive diagnosis. 


Trochlear Ridge Fractures 

Trochlear ridges are affected by direct trauma; the 
proximal (caudal) medial is exposed when the limb is 
flexed, and distal lateral trochlear ridge is exposed when 
the limb is extended. 1 Horses are kicked while preparing 
to kick another horse, resulting in a fracture of the proxi¬ 
mal medial trochlear ridge. 

The diagnosis is made based on the clinical signs and 
radiographic findings. Proximal medial trochlear ridge 
fragments appear in routine radiographic projections, 
but they are often superimposed on the tibia or rihial 
tarsal bone. The flexed lateromedial, flexed proxiinodis- 
tal tangential, or flexed dorsolateral to ventromedial 
oblique views demonstrate the lesions (Fig. 8.398). Dis¬ 
tal lateral trochlear ridge fragments should he differen¬ 
tiated from OCD, which are much more common. The 
history, shape of the lesion, and degree of lameness are 
most helpful when making a differentiation. 

Proximal medial trochlear ridge lesions can be re¬ 
moved arthroscopically using a plantar approach, 7 ’ 12 
Distal lateral trochlear ridge lesions are addressed using 
the routine tarsal arthroscopic approach. Provided os- 
teoarthriris has not begun or associated soft tissue injury 
is not limiting, the prognosis is good after fragment re¬ 
moval. Before any horse suffering tarsal trauma is anes¬ 
thetized, the integrity of the collateral ligaments should 
be confirmed by physical or ultrasound examination. 



Figure 8.398 Flexed lateromedial radiograph of the tarsus of a 
horse with a history of lameness of 1 month. Physical examination 
revealed tarsocrural effusion Note the fragments from the plantar 
aspect of the medial trochlear ridge of the talus (arrow) 


Sagittal or Comminuted Fractures of the Talus 

The talus can be affected by sagittal or comminuted 
fractures; some are completely nond is placed (at least 
early on) and can be difficult to identify radiographically. 
The dorsoplantar radiographic projection is the most 
useful, but slightly oblique variations may better demon¬ 
strate the fracture line. 

Nondisplaced fractures can be difficult to diagnose. 
In a series of 11 horses with incomplete sagittal talus 
fractures, Standardbred racehorses were overrepre- 
semed,‘‘ All horses had a history of chronic hindlimb 
lameness that became an acute grade 2 to 4 (of 5) lame¬ 
ness. Tarsocrural effusion varied from absent to moder¬ 
ate, and hindlimb flexion was markedly positive in 6 of 
7 horses in which flexion was performed. The dor¬ 
soplantar projection or one that is 10° to 2(T off dor¬ 
soplantar toward dorsolatcral-plantaromedial view has 
been described as best. 4 Xeroradiographs, digital radio¬ 
graphs, and/or scintigraphy may be required to make 
the diagnosis. Scintigraphy revealed moderate to intense 
uptake in the proximal aspect of the talus of all 11 
horses, 6 of which had been radiographically negative. 
The flexed lateral scintigram is useful because it sepa¬ 
rates the proximal talus from the distal tibia (Fig. 8.399). 
All horses were treated conservatively with ^ I month 
of stall rest and > I month of small paddock turnout. 
Regression of the scintigraphically evident lesion was not 
described, A total of 7 horses returned to racing 115 to 
341 days after the injury. 

Displaced, noncomminuted sagittal fractures can be 
repaired using lag screws. 5 These fractures generally 
occur toward the medial aspect of the trochlea. Success¬ 
ful lag screw fixation from the lateral* and medial ap¬ 
proaches have been described. The medial approach pro¬ 
vides more bone for screw purchase for compression of 
the fracture line. Radiographic or fluoroscopic guidance 
is necessary; and for displaced fractures, arthroscopic 
observation of reduction is advisable. With accurate re- 



Flgure 8.399 Flexed lateral scintigram of a tarsus depicting a 
sagittal fracture ol the talus The flexed position more clearly 
localizes the lesion to the talus versus the tibia. (Courtesy of 
M. W. Ross ) 
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rant. 2 Marginally sized fragments that arc repaired by 
internal fixation may split during the convalescent pe¬ 
riod and require removal in a second surgery. Many 
moderately sized fragments can be removed or left to 
heal on their own. 5 Stall rest of approximately 6 months 
with radiographic monitoring is recommended whether 
the horse undergoes surgery or not. 

Prognosis 

One study reports a 50% return to performance after 
surgical repair with internal fixation of lateral malleolar 
fractures.' Overall good results arc reported after the 
removal of relatively small fragments. 1 Many of these 
fragments can be removed arthroscopiesIIy with mini¬ 
mal dissection into the joint capsule. In summary, the 
importance of the fragment to the integrity of the joint 
and the ability to repair it should be considered. The 
persistence of tarsocrural effusion following anti-inflam¬ 
matory therapy indicates the need for arthroscopic ex¬ 
ploration. 

References 

1. Baker JR, Ellis CE. A survey of post mortem findings in 480 horses 
1958 to 1980: (2) disease processes not directly related to the cause 
of death. Equine Vet J 1981 ;l 3:47—50. 

2. Berry DB, Sulims KE, Doyle PS, et al. Collateral ligament desmitis 
in the tarsus. Seven cases from 1994-2000. Unpublished manu¬ 
script, 2001. 

5. Eoerner J J. Surgical treatment of selected musculoskeletal disorders 
of the rear limb. In: Auer JA, Ed, Equine Surgcrv. Philadelphia: 
WB Saunders, 1992; 1055-1075. 

4. Hammer EJ, Ross MW, Pa rente Ej. Incomplete sagittal fracture 
of the talus in 11 racehorses. Proc Am Assoc Equine Pract 1999; 
45:162-165. 

5. Jakovljevic 5, Gibbs C, Yeats JJ. Traumatic fractures of the equine 
hock: A report of 13 cases. Equine Vet J 1982;14:62-68. 

6. Meagher DM, Mackey VS. Lag screw fixation of a sagittal fracture 
of the talus in the horse. J Equine Vet Set 1991;10:i08-l 12. 

7. Nixon A. fractures of specific tarsal hones. In: Nixon A, Ed. Equine 
fracture Repair. Philadelphia: W r B Saunders, 1996:260-267. 

8. Spccht TE, Moran A. What is vour diagnosis? J Am Vet Med Assoc 
1990;196:1307-1308. 

9. Tullcncrs EP, Retd CF. An unusual fracture of the tarsus in two 
horses. J Am Vet Med Assoc 1981;178:291-294. 

10- Vaughan LC, Mason BJE, A chmcop.it hologic study of racing acci¬ 
dents m horses. Dorking, UK: Adlard, 1975, 

11. Wright IM. Fractures of the lateral malleolus of the tibia in 16 
horses. Equine Vet J 1992;24:424-429. 

12. Zamos DT, Honttas CM, Hoffman AG. Arthroscopic and intra- 
articular anatomy of the plantar pouch of the equine tarsocrural 
joint. Vet Surg 1994;23:161-166. 

CONDITIONS OF THE FIBULAR TARSAL 
BONE (CALCANEUS): FRACTURES 

Fractures of the fibular tarsal bone (calcaneus) are 
relatively uncommon. 1 " The fractures can be simple chip 
fractures involving the plantar surface, or extend com¬ 
pletely through the growth plate in foals, or extend 
through the body in mature horses.Chip fractures 
involving the plantar surface can be easily missed. In 
some cases, however, they go on tti form sequestra. Phy- 
scal fractures and fractures through the body of the bone 
are often open and are not difficult to diagnose because 
of the obvious loss of flexor support. 9 * 1 h 


The sustentaculum can also be injured, the result 
being either a fracture or a delayed exostosis that pro- 
duces synovitis of the tarsal canal (thorough-pin). 2 * 2 '’ 
The significance of the lesion is the resultant abrasion 
injury to the deep digital flexor tendon; and the tendon 
sheath may also undergo dystrophic calcification.* Infec¬ 
tion sometimes complicates the situation in this location 
as well. 11,19,23 


Causes 

In most cases, these fractures occur from external 
trauma, either from being kicked by another horse or 
from the horse kicking a solid object. The affected areas 
include the body or proximal epiphysis in foals and the 
sustentaculum tali. Penetrating wounds have also been 
implicated in sustentaculum injuries. 

Signs and Diagnosis 

Fractures of the body of the talus may be difficult 
to diagnose on physical examination unless an obvious 
swelling is present or a draining tract associated with 
sequestration is observed, On the other hand, fractures 
through the body or epiphysis arc easily diagnosed be¬ 
cause there is an obvious loss of function of the gastroc¬ 
nemius muscle, and the horse assumes a dropped hock 
appearance. 9 The definitive diagnosis is made on radio- 
graphic examination (Fig. 8.402). The lateromedial and 



Figure 8.402 Lateromedial view of an oblique comminuted 

fracture of the calcaneus. (Courtesy of T. S. Stashak ) 


Copyrighted material 


Hidden page 



Hidden page 



Hidden page 



Chapter 8 Lameness 


967 



Figure 8.408 Lateromedral <A> and dorsoplantar (B) views ot a 
tarsocrurai luxation Lateromedial (C) and dorsoplantar (D) views 



ot the same horse at the 2-year follow up (Courtesy of G W 
Trotter,) 
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Figure 8.410 A. Lateromedial view of a dorsoplantar luxation articulation 6 Dorsopiantar view after healing in a full-limb cast 

at presentation, revealing the opening of the tarsometatarsal C. Lateromedial view after healing (Courtesy of T, S. Slashek.} 



Figure 8.411 A Dorsoplantar view of a proximal intertarsal coaptation in a full-limb cast, healing is evident. (Courtesy of C. W. 

subluxation at presentation, revealing minimal displacement 8 At Mcltwrarth ) 
the 7-month loltow-up after lag screw stabilization and external 


(Fig. 8.-411). Some cases require an open approach and 
curettage or debridement to achieve reduction. When 
visible, curettage of the articular cartilage from the artic¬ 
ular surfaces of the distal tarsal bones facilitates ankylo¬ 
sis. The tarsocrural joint has been successfully reduced; 

however, it deserves special consideration because of 
potential osteoarthritis (Fig. 8,408). Talocalcaneal luxa¬ 


tion tends to be wedged apart by axial weight hearing 
and warrants internal fixation (Fig. 8.409), 

Prognosis 

It is worthwhile to attempt reduction of any tarsal 
luxation in which, once reduced, stability can be ex- 
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Figure 8.412 A. Dorsoplantar 
view of an avulsion injury of a 
medial collateral ligament, showing 
the obvious fragments from the 
medial malleolus- B. After anti¬ 
inflammatory therapy failed, the 
tarsocrurai joint was explored 
arthroscopically Note that the distal 
fragment (arrows) has been 
removed The needle is placed deep 
within the medial collateral ligament, 
demonstrating that the remaining 
fragments will not be 
arthroscopicalty accessible. 



Figure 8.413 A Ultrasound examination of the normal tarsus 
B. The contralateral tarsus of a horse that had sustained a recent 
injury. Note that the space axial to the ligament (arrow) contains 
debns and hemorrhage and that an avulsed fragment lies adjacent 
to a cortical detect (arrowhead). 


whereas Standardised racehorses more consistently in¬ 
jure the lateral long collateral ligament. 2 However, 
horses with avulsion fractures usually seem to have short 
collateral ligament injury, because the location of the 
fragments tends to be the dorsal limit of the ligamentous 
attachment (see “Fractures of theTibial Malleoli" in this 
chapter). Lateral collateral ligament calcification in a 
jumper may relate to sprain injury.' 1 Scintigraphy is a 
further diagnostic aid for demonstrating the inflamma- 
tion at the origin of the ligament and is useful when 
concurrent problems prevent a routine lameness exami¬ 
nation. 2 

Treatment 

For the acute injury, nonsteroidal anti-inflammatory 
drugs (NSAIDs) for 10 to 14 days are indicated. Cold 


therapy—-.in ice water slurry in a plastic bag bandaged 
to the area for 20 minutes, three to four times a day for 
4S hours—has proven beneficial. Support bandaging or 
splinting in the interim improves the response. Topical 
dimethyl sulfoxide (DMSO) and Furacin sweats once 
heat has diminished may provide further reduction. If 
joint effusion is present, intraarticular sodium hyaluro- 
nate is indicated. Further treatment consists of rest and 
immobilization. The duration of stall rest is defined by 
monitoring the sonograms of the collateral ligament, but 
30 to 90 days is typical. 

Horses with significant swelling or lameness should 
receive a cast or bandage cast. Sleeve casts that allow 
continued weight bearing and mobility of the fetlock 
usually suffice. Progressively decreasing the degree of im¬ 
mobilization from cast to bandage cast to bandage offers 
gradual increases in the stress on the ligament. Perhaps 
the most important characteristics of this injury are that 
the instability and synovitis can subtly lead to osteoar¬ 
thritis and that return to work too early results in rein- 
jury, If the affected region is continuing to swell, more 
immobilization is indicated. 

Radiographs or lack of response to intraarticular ther¬ 
apy may indicate co-existing intraarticular lesions. Al¬ 
though arthroscopic exploration is indicated, the risk of 
complete luxation of the joint during recovery from gen¬ 
eral anesthesia is real. The synovitis should be controlled 
until the collateral ligament has healed sufficiently to 
withstand normal forces or a cast should be used for 
recovery from anesthesia. 

Although persisting synovitis is an indication for sur¬ 
gical evaluation, some prediction of the findings can be 
made. Fragments in either long CL are likely to be 
embedded in ligamentous tissue and thus be inaccessible. 

Although less common, short CL injury is more ex¬ 
posed to the tarsocrurai joint space because these liga- 
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Figure 6.414 Xeroradiography ol the tarsus reveals a chronic 
collateral ligament desmitis and instability The dorsoplantar view 
demonstrates bone production at the origin and insertion ot the 
lateral collateral ligament (three horizontal arrows). Note the 
osteophyte production from the resulting osteoarthritis (single 
horizontal arrow) and the asymmetric joint space from instability 
and degenerative changes (vertical arrows). Periarticular fibrosis 
and soft tissue thickening surround the tarsus. 

ments attach on the cranial aspects ot the respective mal¬ 
leolus (Fig. 8.412B), Concurrent radiographically 
inapparent articular cartilage damage must be consid¬ 
ered. 

Prognosis 

In one study of seven horses, three returned to normal 
activity, three remained to he proven in full work, and 
one rcinjured the ligament 2 months after reinstating 
gradual return to work. 1 In another study, six of nine 
Standard bred racehorses returned to racing (three at 
their previous level). However, two reinjuredthe limb, 
and three others required analgesics to train. 2 External 
coaptation was not used in this group of horses, and 
ultrasound was not available. 

To summarize, this condition is one that can easily 
be taken too lightly. The subtle changes from the insta¬ 
bility or joint damage sustained during the initial inci¬ 
dent can produce osteoarthritis even before it is sus¬ 
pected (Fig. 8.414), Immobilization and rest periods 
should err on the conservative side. 
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HYPOPLASIA OF THE FUSED FIRST AND 
SECOND TARSAL BONES 

A single case report exists of hypoplasia of the fused 
first and second tarsal bones. This clinically inapparent 
developmental deformity was seen in a Standardbred 
trotter. The diagnosis was made when the horse was 13 
months of age, and it remained sound in race training. 
The patient was, however, euthanatized at 2.5 years of 
age. The cause is unknown, but the deformity probably 
occurred during postnatal life, since many normal foals 
are bom with unfused first and second tarsal bones. 1 

Reference 

I. Sm.illwf.itid jE, Auer JA, Martens RJ, ct al. The developing equine 
tarsus from birth to six months of age. Equine Pract 1984;6:7-48. 


IDIOPATHIC TARSOCRURAL SEPTIC 
ARTHRITIS 

I have treated several cases of idiopathic tarsocrural 
septic arthritis. The affected horses were all athletes 
without a history of intraarticular therapy or injury. In 
one report of 192 horses affected with septic arthritis, 
12 had no history to explain the problem. 1 The tarso- 
crural joint was affected in 7 of those 12 horses. The 
bacteria cultured were more diverse than would be ex¬ 
pected after joint invasion. Approximately 83% of the 
12 horses survived to be released from the hospital. (Sec 
Chapter 7 for more information on idiopathic septic ar¬ 
thritis.) 
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CURB 

Curb is desmitis of the plantar ligament that origi¬ 
nates on the plantar proximal aspect of the tuber calcis; 
courses laterally to the tarsal canal; and inserts on the 
distal part of the tuber calcis, the fourth tarsal and fourth 
metatarsal bones. M It is characterized by a thickening 
of the plantar distal aspect of the tarsus as viewed from 
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Figure 8.419 Swelling on the plantar aspect ot the tarsus that 
can be associated with a curb (arrow). Ultrasonography revealed 
tendinitis of the superficial digital flexor tendon, (Courtesy of T, S. 
Stashak) 

the lateral side ; 1 ig. 8.415). Other structures that occupy 
the same area and mat produce similar swellings include 
the superficial digital flexor tendon and subcutaneous 
thickening. 4 

Causes 

Plantar ligament desmitis results from excessive vio¬ 
lent tension* or direct trauma. A sickle hocked (curby 
hocks) or cow-hocked conformation imposes excep¬ 
tional stress to the plantar ligament and thus tends to 
produce curb. I iowever, any horse can acquire curb from 
violent exertion, trauma from kicking walls or tailgates 
in trailers, and violent attempts to extend the hock, Con¬ 
ditioning may strengthen the tarsal ligaments.* 

Foals with curbs conformation arc usuallv affected 

* 

with wedging of the distal tarsal bones (described else¬ 
where in this chapter). However, the condition can per¬ 
sist into maturity and may be problematic in those indi¬ 
viduals (Fig. 8.378A). Curby hocks were reported to be 
a factor reducing starts in Standardbred racehorses.' The 
incidence of curby conformation in a series of 1735 
Dutch Warmblood horses was reported as 11.1 %} Dor¬ 
sal compression of the distal tarsal bones is the predis¬ 
posing factor for central and third tarsal bone fractures 
in athletes. 

Signs and Diagnosis 

Curb is indicated by an enlargement on the plantar 
surface of the fibular tarsal bone (Fig. 8.415). If the con¬ 


dition is in the acute phase, there are signs of inflamma¬ 
tion and lameness. The horse stands with the heel ele¬ 
vated when the limb is at rest, and heat and swelling 
can be palpated in the region. 6 Swelling usually does not 
diminish with exercise, and exercise may actually in¬ 
crease lameness in acute curb. In severe cases, in which 
trauma is the inciting cause, periostitis on the plantar 
aspect of the fibular tarsal bone may result in new bone 
growth. If the inflammation is septic, extensive swelling 
and cellulitis may occur. In chronic cases, tissues sur¬ 
rounding the region often become infiltrated with scar 
tissue, and a permanent blemish results; however, lame¬ 
ness may not be noted. Occasionally, the proximal end 
of the fourth metatarsal bone is large and causes a false 
curb. Careful examination reveals that the swelling in 
this region is lateral to the plantar ligament and not on 
the ligament itself. This finding can be confirmed by ra¬ 
diologic examination, if necessary'. 

Presence of a swelling or thickening on the plantar 
aspect of the tarsus centered over the distal tarsal joints 
is often diagnostic. lameness may be absent, making the 
point moot. Confirmation of the lesion is possible by 
ultrasonography 1, or by radiographs if bony involve¬ 
ment has occurred. It is important to differentiate the 
plantar ligament from other potentially more consequen¬ 
tial sources of swelling, such as proximal superficial 
flexor tendinitis or sepsis. 4 

Treatment 

Treatment for acute injury to the plantar ligament 
includes rest and controlled exercise, the application of 
cold packs for the first 48 hours after injury, and the 
systemic administration of anti-inflammatory agents. 
Rest includes stall confinement for at least 6 weeks; hand 
walking is often begun after 2 weeks and increased ac¬ 
cording to the horse’s response. Although not reported, 
the application of ESWT is a reasonable consideration. 
Follow-up ultrasound examination is generally done be¬ 
tween 10 and 12 weeks to assess healing. 

Prognosis 

If the horse has good conformation, the prognosis is 
favorable, providing the initial acute inflammation is 
controlled with corticoids. Poor conformation, however, 
serves as a continuing cause, and the prognosis is unfa¬ 
vorable. In most cases, some permanent blemish remains 
after recovery, even though most horses will be servicea¬ 
bly sound, if conformation is good. Standardbred race¬ 
horses are often successful in spite of curby conforma¬ 
tion. 6 
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clinical signs alone, radiographs should be taken to rule 
out the possibility of a fracture. The severity of clinical 
signs depend on the degree of mobility of the superficial 
flexor tendon. Some horses experience only a partial tear 
of the attachments, and subluxation is the limit of dislo¬ 
cation. 

Treatment 

The degree of luxation and intended use of the horse 
dictate the treatment. When the tendon is only mildly 
subluxated, stall rest for 3 to 6 months often returns the 
horse to work. If the tendon remains on the tuber calcis, 
horses can often function despite the constant movement 
of the superficial flexor. If the luxation is severe or if 
athletic performance is required, surgical repair is pre¬ 
ferred. The timing of surgery is an issue, because freshly 
torn tissues do not hold sutures well, and skin injury or 
infection may be present. However, the unaffected side 
of the fascia contracts, and complete reduction of the 
tendon becomes difficult after several days. It is difficult 
to maintain reduci ion of the tendon in a bandage or cast 
in the preoperative period. 

Several surgical techniques have been described. All 
involve debridement and repair of the tom fascia.*” 6 If 
the tendon will not reduce with the limb in extension, 
releasing incisions (without complete transection) are 
made in the bursal surface of the unaffected side until 
reduction can be maintained without undue tension. 6 



Figure 8.418 Intraoperative view of a tom superficial flexor 
fascia (arrowheads), The forceps hold the displaced margin of the 
tendon and attaching tissue (Courtesy of T. S, Stashak.) 



Figure 8.419 After the margins are defended and the 

displaced tendon is reduced, the surgeon sutures the margins 
using far-near,'near-far apposing sutures (tied) The preplaced 
mattress sutures that will anchor the polypropylene mesh are 
untied at this point. (Courtesy of T. S Stashak.) 


One report describes a single case in which sutures were 
the only internal supporting device. 4 Supporting the su¬ 
ture line with a polypropylene mesh has also been de¬ 
scribed (Figs. 8.418 to 8.420). 5 ” 7 Srricr asepsis must be 
maintained, because infection can reside in the nonab¬ 
sorbable material. As much soft tissue as possible should 
cover the implant. Support of the reduced flexor tendon 
with two screws placed on the unaffected side has been 
described. 1 

All these techniques were successful in the reported 
cases. However, none of the reports involves a retrospec¬ 
tive study. In practical terms, the less that can be done 
successfully, the better. The screw technique is a long 
procedure during which the patient is rolled over. The 
mesh technique works well, but infection can be a prob¬ 
lem in traumatized tissue. Every case has its own aspects 
to be addressed. 

Most clinicians immobilize the limb in a cast for at 
least 30 to 45 days. After this, the limb is supported 
in a Robcrt-Jones bandage, and then lesser amounts of 
support are used for 30 days. Hand-walking exercise can 
be begun 7 days after the cast is removed and continued 
for the next 60 days. Free exercise is begun in a confined 
area about 4 months postoperatively. One report de¬ 
scribed complete immobiIization for only 14 days and a 
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limb. Closer inspection reveals the tendon to he more 
misaligned than is usually seen with metatarsopha¬ 
langeal varus deformity, and tracing its path proximally 
reveals the detect. The sustcncacular defect is palpable 
and confirmed radiographically when compared to the 
contralateral hock (Fig. 8.4211. The applicable view is 
the flexed tangential projection. 

Surgical correction is the only option. The procedure 
consists of dissection of the tarsal sheath from the perios¬ 
teal surface of the medial aspect of the sustentaculum 
and repositioning it in its correct position over the sus¬ 
tentaculum; 1 it must be supported in position. In one 
study, a cortical rib graft secured by bone screws was 
used to form the shelf. The foal was confined to a stall 
in a support bandage for 1 month before it was released 
for normal exercise. I performed the only other known 
surgery for this condition. I used the same procedure, 
and the foal was maintained in a sleeve cast early postop- 
crativcly. 1 lowcvcr, the tightening of the deep flexor ten¬ 
don caused a plamar-to-dorsal bowstring hyperexten¬ 
sion of the hock. The horse became breeding sound, and 
the limb was straight. Given the same situation again, I 
would transect the deep flexor in the distal portion of 
the muscle tissue to relieve the tension. A third case has 
been reported in a yearling. 2 That horse was lame but 
had no angular deformity; no treatment was applied. 
The degree of the displacement apparently varies. 
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THOROUGH-PIN 

Sec “Tenosynovitis” in Chapter 7. 

RUPTURE OF THE PERONEUS TERTIUS 

The peroneus remits is a strong muscular band of tis¬ 
sue that lies between the long digital extensor and the 
tibialis cranialis muscle of the rear limb. It originates 
from the extensor fossa of the distal lateral femur and 
inserts distally as a tendinous band to the third metatar¬ 
sal bone and laterally on the fourth metatarsal hone. It 
is an important pan of the reciprocal apparatus, mechan¬ 
ically flexing the hock when the stifle joint is flexed. The 
muscle or tendon can rupture anywhere along its course 
and can result in an avulsion fracture at its origin in the 
extensor fossa (Fig. 8.422), When this muscle is rup¬ 
tured, the stifle flexes, but the hock does not. 

Causes 

Rupture of the peroneus tertius is usually the result 
of overextension of the hock joint. This may occur if the 
limb is entrapped and the horse struggles violently to 
free its limb. Rupture is also seen during rhe exertion of 
a fast start, when tremendous power is transferred to the 
limb, causing overextension, such as in iumping. Fur¬ 
thermore, it can occur after a full-limb cast is applied to 
the hindlimb. I have seen several ruptures in horses that 
barrel race. 

Signs and Diagnosis 

Signs of rupture of the peroneus tertius are well de¬ 
fined. The stifle joint flexes as the limb advances, and 
the hock joint is carried forward with little flexion. The 



Figure 8.422 A, Cramocaudal view of an avulsion of the same horse demonstrating avulsion of the peroneus tertius 

proximal attachment of the peroneus tertius. Note the fracture (Courtesy of T. S. Stashak.) 

fragment associated with the avulsion. 8 Lateromedtal view of the 
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Figure 8.429 Lateral view o< a gastrocnemius tendon that has 
healed after rupture The Itmb was placed in a full-limb cast for 6 
weeks. Note the thickening from frbrosts in the distal half of the 
gaskin. (Courtesy of J. T. Ingram) 


not been enough cases to give an accurate prognostic 

expectation. 
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CAPPED HOCK 

See "Traumatic Bursitis" in Chapter 7. 

STRINGHALT 

Sirtnghalt is an involuntary hyperflexion of the hock 
when the horse moves, and the condition may affect one 
or both hindlimbs. 4,14 The extent of the motion may be 
minimal or extensive enough that the fetlock contacts 
rhe abdomen. Atrophy of the distal muscles of the hind- 
limb has been described/ Two forms of the condition 
occur, which are seemingly geographically predisposed. 


Causes 

Distributed worldwide, one form affects isolated 
horses and is usually unilateral. It may follow an injury 
to the hindlimbs. 4,14 Spontaneous recovery is rare, but 
improvement may be seen with rest. 4 * 14 The condition 
has been considered to involve the lateral digital extensor 
muscle tendon unit. Some cases are observed after 
trauma to this tendon, and adhesions of the tendon may 
form as it crosses the lateral surface of the hock joint. 
One series of 10 cases reported the development of 
stringhalt after dorsoproximal metatarsal injury to the 
extensor structures that healed by second intention. 
Most horses had suffered extensor tendon lacerations. 4 
Note, however, these 10 horses represented only 19% 
of the total number of horses diagnosed with stringhalt 
during a 5-year period. 

Australian stringhalt is restricted to Australia and 
New Zealand and commonly occurs in outbreak propor¬ 
tions, although sporadic incidence also occurs/ It is usu¬ 
ally bilateral and occurs more frequently in the late sum¬ 
mer and fail in years of poor pasture. During those rimes, 
affected horses are exposed to exceptionally large 
amounts of certain toxic weeds, including Taraxacum 
officinale, Malva barviflora, and Hypocbaeris radicata, 
a dandelion/’ 5,12 ' * The condition has also occurred in 
the Western Hemisphere in northern California, Wash¬ 
ington State, and southern Chile under similar condi¬ 
tions. 1,6 ’ However, the Washington State episode did 
not occur during a dry spell. 

Although strongly associated with the condition, the 
plants mentioned have not been definitively linked as 
direct causes. Feeding trials using H. radicata failed to 
reproduce the condition, and T. officinale has been rec¬ 
ommended for horse pastures. All exposed animals do 
not contract the disease. An associated mycotoxin has 
been theorized to be present during the times at risk, 
while the plants themselves may not contribute directly 
to the situation. The incidence in Australia coincides 
w r ith peak incidences of other plant-related mycotoxic 
diseases. 1 * 

The pathologic effect stems from axonopathy of the 
long peripheral nerves. The most noticeably affected arc 
the recurrent laryngeal, peroneal, and tibia I nerves, 
which account for laryngeal dysfunction and atrophy of 
the muscles of the gaskin/ The more distal portions of 
the axon may be affected earlier, which tends to spare 
the nerve cell body and favors regeneration in the time 
required to cover the distance of degeneration. 15 The 
effect on the muscle is typical of neurogenic atrophy in 
that type 2 fibers are more affected. 

Many muscles are affected: the cricoarytenoideus dor¬ 
salis, the long and lateral digital extensors, and the gas¬ 
trocnemius most notably so/ s The pathophysiology of 
the hyperflexion remains unknown. A plausible theory 
is that the action-debilitated extensors are overridden by 
the comparatively minimally affected flexors: the biceps 
femoris and semitendinosus. 1 * However, rhe persistence 
of the flexion in severely affected horses remains unex¬ 
plained. 

Signs an<! Diagnosis 

The gait associated with typical Australian stringhalt 
has been graded/ Signs of rhe disease are quite variable; 
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belly cannot be identified until several layers of fascia 
have been severed. Just overlying the tendon is a heavy 
layer of strong fascia. This is incised* and the muscle 
belly can be identified. An instrument is passed under 
the muscle belly so that it can be properly identified and 
tension put on it. Pulling on the muscular portion reveals 
movement in the distal portion just before it attaches to 
the long extensor. An incision* approximately 2 cm long, 
is then made over the distal portion of the tendon before 
it joins the tendon of the long extensor. 

The skin and subcutaneous tissues are retracted* and 
a blunt-pointed bistoury is slipped under the tendon and 
it is severed. Rarely* there are variations in the insertion 
of the tendon* e.g.* two tendons of insertion and inser¬ 
tion of the tendon on the proximal phalanx. Tension is 
then exerted on the proximal portion of the muscle until 
the tendon is pulled out. Considerable tension is some¬ 
times required to break the adhesions that are formed 
around tnc tendon where it crosses the hock joint. If it 
seems as though undue force is required to pul) it out, 
further dissection of the proximal portion of the tendon 
should be done to free it from the adhesions and fascia. 

When the whole tendon is exposed, about 7 inches of 
it is pulled through the upper incision {Fig. 8.431). The 
tendon should be transected by removing a 7 to 10 cm 
of the muscle belly with it. After removal of the tendon, 
the fascia surrounding the muscle and the subcutaneous 
tissue are sutured with no. 1 synthetic absorbable suture 
in a simple continuous pattern. The skin incisions arc 
closed with nonabsorbable interrupted sutures in a verti¬ 
cal mattress or near-far/far-near pattern. 

The wounds are kept bandaged for 10 days. Opening 
of the upper wound sometimes occurs because of the 
stringhalt action of the limb; this can be prevented by 
applying a stent bandage or using focal pressure of a 
rolled 6-inch gauze directly on the suture line. It is essen¬ 
tial that the surgery be done asepcically or septic tenosyn¬ 
ovitis results. 

Many cases show an almost immediate improvement, 
with complete recovery within 2 to 3 weeks. Other cases 
may take several months for any great improvement to 
occur, and still others may never show complete recov¬ 
ery. In cases that recur after several months or a year, 
an additional portion of the lateral digital extensor mus¬ 
cle may be removed. 

An incision is made at the previous proximal incision 
site, extending 2 inches above the previous scar. The lat¬ 
eral digital extensor muscle is isolated and an additional 
3 to 4 inches of the muscle is removed. This stops the 
sign of stringhalt in some cases. Alternatively, acupunc¬ 
ture can be tried before the surgery is performed to deter¬ 
mine if more surgery will be a benefit. 

For horses suffering Australian stringhalt, there is lit¬ 
tle rationale for lateral digital extensor myotenotomy, 
although some clinicians perform the procedure. The pa¬ 
thology is diffuse, and the majority of horses recover 
spontaneously without treatment once they arc removed 
from pasture. Recovery can often be protracted* from 
several weeks to a year. 

The successful use of mephenesin in one case of string- 
halt was reported/ The drug was given in series of three 
injections both intravenously and intramuscularly. 
There was a relapse between the first and second series of 
injections. The drug merits further study on a significant 


number of cases. Other centrally acting muscle rclaxants, 
including phenytoin 1 and baclofen , 1 appear effective; 
but more experience is required with these agents before 
their efficacy is established. 

Prognosis 

For North American stringhalt* the prognosis is 
guarded to favorable. Most horses show some improve¬ 
ment after surgery, but the degree of improvement is not 
predictable. For Australian stringhalt, the prognosis is 
similar. Many horses recover after removal from pasture; 
however, some do not recover completely. 
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SHIVERING 

Shivering is an uncommon problem characterized by 
involuntary flexion of the limbs and elevation of the tail. 
The course is often progressive and worsens over a long 
period of time. The hindltmbs arc more frequently af¬ 
fected, but sometimes the forelimbs may be involved . 1 ’ 3 * 5 

Causes 

The precise cause of shivering is unknown. Some re¬ 
searchers have suggested that it is a peripheral nerve 4 or 
neuromuscular disorder subsequent to influenza, stran¬ 
gles* or other systemic diseases. 2 However* more recent 
evidence incriminates myopathy owing to polysaccha- 
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apply local chemotherapy. Between initial examination 
and readmission for surgery, the osseous defect had 
increased in size. The excisional biopsy report revealed 
telangiectatic osteosarcoma. The horse had a grade I 
lameness I month after surgery, and radiographs demon¬ 


strated arrested radiographic progression of the tumor 
and increasing osseous density in the region of the previ¬ 
ous defect {Fig. 8.432R). Although the surgery was ex¬ 
pected to be palliative, improvement in the early postop¬ 
erative period was noticeable. 


Part XI 


THE TIBIA 

Kenneth £. Sulhtts 


Generally, tibia I fractures occur with roughly the 
same frequency as fractures of other proximal long 
bones, although regional differences are evident. 8,19 Tib- 
ial fractures can be categorized according to type and 
anatomic location. Age also influences the type of frac¬ 
ture sustained. Because the long bones in younger horses 
are more elastic, they have less of a tendency to shatter 
and become severely comminuted, and the presence of 
physis provides additional sites for fractures to occur. 
Younger horses are not often subject to stress fractures; 
when they do sustain one they are virtually always in¬ 
jured by a traumatic incident such as a kick, being 
stepped on by the mare, or pivoting at speed while run¬ 
ning in pasture. Adult athletes, on the other hand, sustain 
stress fractures in addition to all types of trauma-induced 
injuries resulting in a fracture. Each type of fracture is 
discussed separately. 

Horses with complete displaced long bone fractures 
must have the affected limb immobilized for transport 
to a treatment facility. Without immobilization, the frag¬ 
ment ends self-abrade, changing their shape and making 
fracture somewhat inaccurate; if the fracture is articular, 
joint surfaces become disrupted, and good anatomic re¬ 
duction of the joint surfaces cannot be achieved. Note 
that for the equine tibia, the fracture ends can penetrate 
through the skin of the medial gaskin. If the fracture is 
open, the hair should be clipped from around the wound 
and the skin cleaned and prepared with an antiseptic; 
then the wound is debrided and a sterile bandage is ap¬ 
plied. This requires sedation in most patients. Broad- 
spectrum antimicrobials are also administered. 

The tibia is difficult to immobilize adequately. Most 
casts and splints are applied so that the proximal end 
approximates the fracture site, causing the weight of the 
device to swing like a pendulum on the fulcrum of the 
fracture. Effective stabilization of a fracture requires im¬ 
mobilization of the joint proximal and distal to the frac¬ 
ture site. The stifle is impossible to completely immobi¬ 
lize in an adult horse. A foal can be sedated and kept 
down or it can even be held so further trauma is pre¬ 
vented. 

There are two devices that are somewhat effective for 
immobilizing the stifle. The simpler is a temporary splint 
with a lateral component that extends to the hip (Fig. 
8.433).* A padded bandage is applied to the limb and a 
lateral splint is affixed to the bandage with nonclastic 
tape. The second is a Thomas splint, which is more effec¬ 


tive but much more difficult to prepare and apply in 
adults {Fig. 8.434). The advantages of the Thomas splint 
is that mild traction is applied to stabilize the entire limb 
and the supports taped around the fracture further im¬ 
mobilize the tibia itself. A Thomas splint is easier to 
apply ro a foal, and a shoe is not necessary for a tempo¬ 
rary application. 

The Thomas splint is a frame with a ring that fits over 
the thigh of the horse and extends to the foot to apply 
traction to the limb. The hip ring is curved medially at 
the distal side to position tightly against the groin, and 
rhe proximal side of the ring contacts the hip closely. The 
ring and upper shaft are constructed of hollow stock; the 



Figure 8.433 The splint should have a lateral component 
extending beyond the stifle to limit the motion of the tibia: If it does 
not. tibia! instability is actually worsened. {Courtesy of T. S. 
Stashak) 
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Figur* 8.434 The Thomas spltnt places the limb in traction, 
and the tape supports the fracture in ail directions 


size depends on the patient. Electric conduit suffices for 
foals, whereas galvanized nine is required for larger 
horses. The distal portion of tne splint is composed of a 
threaded rod in a size to fill the upper rube. Dual nuts 
are placed against the hollow tube to lock the splint in 
position. The most distal attachment consists of the 
threaded rod that is fixed to the dorsal and plantar por¬ 
tion of a plate fixed ro the horse’s shoe. The length of 
the splint is adjusted to apply enough traction to the 
affected limb. In the middle, the fracture is stabilized 
by applying tape hemicircumferentially around the limb 
and the splint. This setup offers solid stabilization of the 
limb without constricting the vascular supply. 

If the fracture is so unstable thar this arrangement is 
insufficient, a sleeve cast or external fixator can he 
added. As swelling subsides and muscles atrophy, the 
tension must be adjusted. If a wound exists, the bandages 
can be changed. For emergencies, splints can be prepared 
in several general sizes. For long-term application, gen¬ 
eral anesthesia is usually better than standing applica¬ 
tion. Materials should be organized, and a blacksmith 
should be present. 

If the tibia is fractured in the distal third of the diaphy- 
sis or more distal, a cast has some effect if it is applied 
as proximally as possible. Although the reciprocal appa¬ 
ratus may be disabled, application of a full-limb cast on 
rhe hindlimb of a standing horse is difficult. To immobi¬ 
lize the tibia, the distal portion of the cast is nor really 
needed, and a sleeve cast can be used (Fig. 8.381). With¬ 
out the fetlock and foot included, the cast is lighter and 
easier to apply in the standing animal. Time is often criti¬ 
cal, and the horse can be moved to a referral hospital 
sooner. 

If these methods are not available, be sure that what¬ 
ever is applied does nor worsen the instability. Without 
the proper materials, leaving the affected limb alone may 
be a better choice. 

FRACTURES OF PROXIMAL TIBIAL 
PHYSIS 

Fracture of the proximal tibia I physis has been ob¬ 
served in foals up to 8 months of age, 1 The injury usually 


occurs from direct trauma (e.g., a kick) while rhe limb 
is bearing weight, 6 from bending when the limb is some¬ 
how entrapped, or from being stepped on by the dam. 1 
The forces apply pressure in a valgus direction, causing 
medial tension to separate the phvseal cartilage. The phy¬ 
sis opens until the lateral metaphyseal bone fractures, 
producing a Salter-Harris ty pe 2 fracture. 6 The epiphysis 
and hone fragment becomes displaced laterally owing to 
the “ramp" defect left in the proximal lateral metaphvsis 
(Fig. 8.435). The lateral metaphyseal component com¬ 
monly occupies a third of the phvseal surface. Uncom¬ 
monly, the medial collateral ligament ruptures, which 
worsens the prognosis. The foal becomes acutely non 
weight bearing, and noticeable swelling appears around 
the stifle and proximal ribial regions. The proximal limb 
assumes a stifle valgus position. * 6 Complete radiographs 
are required to define the fracture. 

Conservative management can be considered for some 
nondisplaced fractures of the tibia, and one report notes 
the successful treatment of fractures of the proximal phy¬ 
sis in one 2-week-old foal 41 and two horses. 1 For dis¬ 
placed fractures, the preferred treatment is internal fixa¬ 
tion. 1,6 Because the hone surfaces rapid Is become 
eburnated and will not fit together well, repair should 
he as soon as possible. Surgical techniques reported in¬ 
clude lag screw fixation, 41 cross-pinning, 44 medial plate 
application, 1 * 6,46 and bone plates with external fixa¬ 
tion. 4 



Figure 8.435 Dorsoptantar view showing a Sailer-Hams type 2 
fracture ot the proximal t*»ial physis in a foal. The metaphyseal 
component is always lateral and usually involves approximately 
one-third of the distance across the physis. (Courtesy of C. W. 
McHwraflh.) 
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Figure 8.438 A Crantocaudal view ol a minimally displaced 
complele Salter-Harns fype 1 fracture of distal tibia. 


TIBIAL CREST FRACTURES 

According to Getty, 16 the tibia I crest phvsis is partially 
ossified at birth and forms a fibrocartilage union with 
the epiphysis during the 2nd year of life. The irregular 
physis remains radiographically visible until the horse is 
36 to 42 months of age and may be mistaken for a frac¬ 
ture (Fig. 8.439b 

These fractures usually occur from direct trauma le.g., 
a kick) or from bitting a jump. ,n Horses may occasion¬ 
ally avulse the fragment owing to sudden quadriceps ten¬ 
sion. Although affected horses frequently still have open 
physcs, aged horses can also sustain this fracture/’ 

When the fragment remains nondisplaccd, the diag¬ 
nosis may be difficult. Radiographic comparison to the 
contralateral limb and response to direct palpation may 
provide the answer. When the fracture is displaced, the 
stifle may be dropped, and the horse may not be willing 
to fix the limb in extension. 1 An open wound may be 
present from the initial trauma, which must be taken 
into consideration for the timing of surgical treatment. 

Traction by the patellar ligaments tends to distract 
the fragment, which impairs healing. However, nondis¬ 
placcd or minimally displaced fractures can heal with 
stall rest for several weeks. Radiographic monitoring is 
done at 6-w'eek intervals to document healing (Fig. 

8.440) , which may be expedited by internal fixation (Fig. 

8.441) . 



6 


B 


B. Crantocaudal view at the 7-month toiiow-up after repatt with 
cross-pins and a fulHimb cast. (Courtesy of T. S. Stashatu 


Unstable, displaced, or articular fractures require in¬ 
ternal fixation. The fragment must be reduced and stabi¬ 
lized in a tension band fashion, which converts the quad¬ 
riceps distraction to compression. 1 The fixation may be 
accomplished using lag screws and plates il ig. 8.440) or 
wire. s Lag screws alone and tension band wire alone 
have been used successfully; 1 ' however, the forme t tech¬ 
niques provide more stability. The recovery period is 
about 3 months; the implants may be left in provided 
lameness does not result when exercise resumes. 1 The 
radiographs should be examined for displaced commi¬ 
nuted fragments that could affect the outcome. Growth 
disturbance is not a factor with tibia I crest fractures. 
Conservative therapy can be successful m some cases, 
but healing is slower man for fractures that ire loaded in 
compression. The recovery rate from surgically repaired 
tibial crest fractures is generally good, provided stable 
fixation can be accomplished. Complicating factors in¬ 
clude failure of the fixation, infection from the wound, 
and disruption of the cranial tibial articular surface. The 
most critical point is recovery from anesthesia. In one 
study, two of four adults recovered; the two unsuccessful 
outcomes were the result of failure of the fixation. 35 
Traction from the patellar ligaments is significant and 
rends to rotate the fragment away from the fixation. 
When possible, a plate on both sides of the tibial crest 
aligns the forces against the fixation. If only one plate is 
used, it should go on the craniolateral surface, which has 
more soft tissue cover available/* 
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Figure 8.439 The normal physis (arrows) of the titnal tuoerosity 
is irregular and may be mistaken for a fracture (Courtesy of T. S, 

Stashak) 



Figure 8.441 Lateromedia! view of Internal fixation used for an 
unstable tibial crest fracture. A single plate was applied to provide 
tension band support for the distracting forces of the pateilar 
tendon: the screws were placed in a lag fashion. (Courtesy of 
T. S. Stashak.) 



Figure 8.440 Lateromedial view of a tibtal crest fracture The 
lateral femorat trochlear ndge osteochondritis dissecans is no! 
causing clinical signs. This fracture was stable at the time of 
diagnosis and it successfully heated with stall rest 


TIBIAL STRESS FRACTURES 

Remodeling due to cyclic fatigue of bone in horses 
that work at speed is thought to result in stress frac¬ 
tures. 38 Acute lameness may or may not abate with time, 
and visible or nalpable swelling is often absent, making 
localization of the problem difficult. Tibial stress frac¬ 
tures in racehorses tend to have particular patterns. Typi¬ 
cally, 2-year-olds and occasionally 3-year-olds are af¬ 
fected, 22 ^* 3 ' but other horses of other ages can be 
affected. 2 Thoroughbreds rend to develop lesions in the 
proximal caudal to lateral aspect of the tibia, 22 * 2 ’ 
whereas Standardbreds and one racing Quarter Horse 
have been reported to develop middiaphyseal lesions on 
the same surfaces. 28,11 

Scintigraphy, or high-derail imaging, is often required 
to reveal the lesion (Fig. 8.442), To see a radiographic 
change, the clinician must set the beam to strike the frac¬ 
ture line exactly. When callus is present, imaging may 
he easier (Fig. 8.443). 

In one series, 13 Standardbred racehorses with tibial 
stress fractures were managed with 8 to 16 weeks of stall 
rest followed by 4 to 12 weeks of pasture turnout before 
return to training. 31 Healing was determined by radio- 
graphic follow-up without repeating scintigraphy. Heal¬ 
ing was evident as soon as 60 days after diagnosis. After 
a mean time of 9.5 months, 10 horses had returned to 
racing. Complications in the previously affected limbs 
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Part XII 


THE STIFLE 

Kenneth £. Sulims 

The stifle is the largest and most complex joint in the 
horse; therefore, it is not surprising that injury to it is 
an important cause of hindiimh lameness. The stifle con¬ 
sists of three synovial compartments: femoropatcllar and 
medial and lateral femorotibial. The medial femorotibial 
and femoropatellar joint spaces frequently communi¬ 
cate. Fibrocartilaginous menisci separate the articular 
surfaces of the femoral condyles and the proximal tibia. 
Cruciate ligaments are positioned on the midline for cra¬ 
nial-caudal stability; medial and lateral collateral liga¬ 
ments provide abaxial stability of femorotibial joints. 
Because of the complex nature of this joint, damage to 
one region frequently disrupts other structures, compli¬ 
cating the diagnosis and treatment. 

Of 835 horses that presented with hindiimh and 
spinal conditions, Vaughan recorded 63 cases of stifle 
problems (8%). 2 *' In another report, stifle lameness oc¬ 
curred in 2% of 5388 specified conditions of the muscu¬ 
loskeletal system. 1 Of another series of 553 horses with 
hindiimh lameness, 795 stifles were radiographed, re¬ 
vealing changes in 326 horses.’ Femoropatellar and 
femorotibial lesions occurred at the similar rates of 27% 
and 32%, respectively, and there was an overall inci¬ 
dence of 32% with osteoarthritis. Stifle problems are 
quire common in routine referral practice and are proba¬ 
bly increasing owing to improved ability to make specific 
diagnoses. 


Signs and Diagnosis 

The evaluation of stifle lameness is made by visual 
observation, palpation of the joint, gait evaluation, and 
elimination of other types of lameness. The examiner 
should become acquainted with normal palpation and 
normal variations; asymmetry usually indicates a prob¬ 
lem. With acute injuries, swelling may he impressive, 
complicating an accurate anatomic diagnosis. Acutely 
painful horses will usually not fix the limb in extension 
when walking or standing. Bruising from external 
trauma is common in horses that jump over fences. Local 
and systemic anti-inflammatory therapy may be required 
to reduce the swelling before a complete diagnosis can 
be made,'’ 

Distension of the femoropatellar and the medial fem¬ 
orotibial joint may sometimes be seen when the horse is 
looked at from the side (Fig. 8.451) and cranial views, 
respectively. On palpation, distension and thickening of 
the femoropatcllar joint capsule may be felt between the 
patellar ligaments. Comparison with the opposite stifle 
should be made. With some horses, both stifles can be 
palpated while standing behind the horse. Femoropacel¬ 
lar effusion that reflects a medial femorotibial joint effu¬ 
sion (if present at all) is less than that which occurs from 
a primary femoropatellar joint involvement. Some nor¬ 


mal horses have mild femoropatellar effusion with no 
clinical problem. Medial and lateral femorotibial effu¬ 
sion may be palpated on the craniomedial and craniolat- 
eral margins of their respective joints. The proximal tib- 
ial plateau, the femoral condyles, and the cranial borders 
of the collateral ligaments provide landmarks for their 
identification. With chronicity, atrophy of the gluteal 
and quadriceps muscles on the affected side may lx 1 ap¬ 
parent (Fig. 8.452), which may be obvious or noticed 
only after careful comparison from the rear and side. 
Hindiimh flexion may induce a painful response. 

Stifle lameness is fairly typical of joint pain in the 
hindiimh. Viewed from the side, the cranial phase of the 
stride is shortened, and the foot is carried closer to the 
ground. The toe may drag when the horse advances the 
limb at a trot, and toe wear may be obvious in some 
chronic cases (Fig. 8.453). When viewed from the rear, 
asymmetry in the gluteal use is observed when the horse 
is at trot. The duration of gluteal use is shorter, resulting 



Figure 8.451 Lateral view of the stifle of a horse with marked 
femoropatellar effusion (arrow). 
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Figure 8.452 Note the atrophy of the quadriceps muscles, 
particularly the vastus lateralis (arrows), in a horse that sustained 
a stifle injury 6 months earlier. (Courtesy of T. S. Stashak.) 



Figure 8.453 Excessive toe wear in a horse that was reluctant 
to raise the height of foot flight. This may be associated with stifle 
pain. (Courtesy of T. S. Stashak.) 


in an early limb unweighring. This is frequently referred 
to erroneously as the hip hike; what actually occurs is 
that the horse takes less weight on and spends less time 
on the lame limb, resulting in a reduction in gluteal use 
that is seen as a hip roll. The degree of lameness depends 
on the severity of the injury; injuries that cause joint 
instability usually result in severe lameness. In most 
cases, stifle lameness cannot be definitively identified 
from hock pain or other sites in the hmdlimb. 

Flexion of the hindlimb affects the digit, hock, stifle, 
and hip. If the limb is held loosely around the fetlock, 
digital flexion is minimized. However, the source of any 
increased pain must be localized. The stifle flexion test 
can provide the examiner with some assurance that the 
region is involved if the horse reacts in a painful manner 
to flexion and the test exacerbates the lameness (see Fig. 
3.73). (See Chapter 3 for a more complete description.) 
The cruciate ligament test consists of pushing the cranial 
aspect of the stifle caudally and releasing it to evaluate a 

f iainful response; excess cranial to caudal laxity indicates 
igament rupture. Holding the tail may be helpful. One 
report on cruciate ligament injuries notes that this tech¬ 
nique detects the problem accurately in only one of six 
standing horses; but all six ligament injuries could be 
detected when the horses were under general anesthe¬ 
sia. 11 Repeatedly pushing the cranial aspect of the proxi¬ 
mal tibia caudally, while the horse bears weight on the 
limb, sometimes exacerbates the signs. Asymmetric pain 
during the process or increased lameness when the horse 
is moved indicates stifle injury and possible instability 
(see Fig. 3.75). The process should be started gradually 
to prevent sudden reaction by the horse and injury to 
the examiner. 

The collateral ligaments can he examined for sprain 
trauma or rupture by abducting and adducting the limb. 
The medial collateral ligament is checked by placing the 
shoulder on the lateral side of the stifle and pulling the 
distal part of the hindlimb away from the horse (see Fig. 
3.76). With a sprain, increased pain is perceived as well 
as increased lameness. With rupture, the horse exhibits 
severe pain but is quite lame anyway. To apply varus 
pressure to the stifle to evaluate the lateral collateral liga¬ 
ment signs, the horse’s foot is fixed on the ground in an 
axial position with the examiner’s foot, and the stifle is 
pulled laterally with a towel or a rope. The lateral collat¬ 
eral ligament is rarely involved. Stress radiographs arc 
useful for detecting more subtle joint instability (Fig. 
8.454). Sedation of the horse is recommended, and the 
examiner should take care to avoid personal injury*. 

Lameness can be localized to the stifle by the use of 
intrasynovial anesthesia. Generally, all three joints are 
blocked at once. In some cases, it may be desirable to 
block the joints separately, which more accurately deter¬ 
mines the site of the problem for the possibility of surgi¬ 
cal intervention. Although communication between the 
femoropatellar joint and medial femorotibial joint is 
common, communication between the femoropatellar 
joint and lateral femorotibial joint is rare. 1 '* In some 
horses with osteoarthritis, the femoropatellar joint com¬ 
municates with both fcmorotibial joints. 16 None of the 
femorotibial joints communicates with its counterpart. 
Diagnostic local analgesia in the stifle is usually per¬ 
formed after the remainder of the limb has been ruled 
out as a cause of the lameness. Without effusion, the 
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Figure 8.461 A_ The femoropatellar joint shown in Figure 8.455 bone remains. The surrounding cartilage is firmly attached to 

before arthroscopic debridement of the lateral trochlear ridge B subchondral bone. 

After debridement, the cartilage is gone and firm subchondral 



Figure 8.482 A The articular surface of this patella contains subchondral bone and solid surrounding cartilage using the bur 

full-thickness cartilage disruption. No radiographic evidence of this shown. 

OCD lesion was present. B. After debridement to healthy 
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Figure 8.467 A Arthroscopy reveals a shallow OCD lesion on 
the proximal tibia A Note the frayed cranial meniscus and 
meniscal ligament (arrowheads). B. After debridement, the 


recurrent lameness in some horses. Results have not been 
improved using cancellous bone grafts.' 

By examining radiographs of unsuccessful cases, one 
cannot usually determine a reason for the failure. Many 
horses respond temporarily or permanently to intraarric- 
ular steroid therapy. In one case, a gaited horse failed 
to improve consistently by 17 months after undergoing 
surgical debridement of a medial femoral condylar sub¬ 
chondral cyst. I injected 80 mg methylprcdnisolone ace¬ 
tate deep within the osseous defect. At 7 months after 
treatment, the horse remained sound and was training. 

In younger horses with proximal tibia! SCL from de¬ 
velopmental orthopedic disease, the lateral condylar le¬ 
sions can be accessed arthroscopically. The lesions are 
located cither behind or beneath the cranial ligament of 
the lateral meniscus. Curettage is performed routinely 
via a medial arthroscopic approach. 14 This area should 
be examined during arthroscopy if signs suggest that the 
lateral femorotihial joint may be involved (Fig. 8.467), 
Older horses with medial tibial condylar lesions can be 
treated using the lateral arthroscopic approach. How¬ 
ever, some of the lesions will be located more caudally 
and will not be accessible. 14 

Prognosis 

Horses that have subchondral bone cysts and are not 
lame should not be treated. For horses I year of age 
or younger, a period of stall rest and anti-inflammatory 
therapy is worthwhile. The success rate for treatment of 
horses in this category is not available. After arthro¬ 
scopic surgery, 56 to 74% of horses become sound. 
Horses with residual lameness that were meant to work 
at speed may be able to function well in another line of 
work. 

Proximal tibial SCLs, although uncommon, do not 
seem to respond well to treatment.'* 4 A recent report 
relates a positive outcome for horses under 2 years of 
age that have lateral tibial condylar SCLs believed to 
stem from developmental orthopedic disease.' 4 Three of 


meniscus and ligament are smooth; softened cartilage and 
subchondral bone have been removed from the tibial condyle. 


four horses that underwent surgery proceeded to per¬ 
form w r cll athletically; the other was lost to an unrelated 
accident. For horses with preexisting mild to moderate 
osteoarthritis as well as medial SCLs, debridement may 
allow return to w r ork, but usually at a reduced level. 14 
Severe cases or those with more caudally positioned 
SCLs are not good candidates for treatment.' 4 

References 

1. Baxter GM. Subchondral cystic lesions in hones. In: Mcllwraith 
( W, Trotter GW, Eds. Joint Disease in the Horse, Philadelphia: 
WB Saunders, 1996:384-397. 

2. Bramlagc LR. Osteochondrosis related bone cysts. Am Assoc 
Eguinc Pract 1993;39:83-85. 

3. Howard RD, Mcllwraith C.’W, Trotter GW. Arthroscopic surgery 
for subchondral cystic lesions of the medial femoral condyle in 
horses: 41 cases (1988-1991). J Am Vet Med Assoc I995;206: 
842-850. 

4. Jeffcott LB, Kold SE. Clinical and radiological aspects of stifle hone 
cysts in the hone. Equine Vet j 1982; 14:40-46. 

5. Kold SE, Hickman J Results of treatment of subchondral hone 
cysts in the medial condyle of the equine femur with an autogenous 
cancellous hone graft, Equine Vet J 1984;16:414-418. 

6. Kold SE, Hickman J, Melsen F. An experimental study of the heal¬ 
ing process of equine chondral and osteochondral defects. Equine 
Vet J 1986;18:18-24. 

7. Mcllwraith ( W. Subchondral bone cysts in the horse: Aetiology, 
diagnosis and treatment options. Equine Vet Educ 1998; 10: 
313-317, 

8. Nixon AJ. Arthroscopic debridement of cystic lesions of the proxi¬ 
mal tibia in horses. Vet Compar Orthop Traumatol 1994;7:64. 

9. Rantanen NW, McKinnon AO. Equine Diagnostic Ultrasonogra¬ 
phy. Baltimore: Williams & Wilkins, 1998, 

10. Ray GS, Baxter GM, Mcllwraith CW, ct aL Development of sub¬ 
chondral cystic lesions after articular cartilage and subchondral 
bone damage in young horses. Equine Vet J 1996;28:225-232. 

11. Reef VB. Equine Diagnostic Ultrasound. Philadelphia: W'B Saun¬ 
ders, 1998. 

12. Squire KRE, Eessler JE, Cantwell HD, ct al. Enlarging bilateral 
femoral condylar bone cysts without scintigraphic uptake in a year¬ 
ling foal. Vet Radiol 1992;33:109-113. 

13. Stashak TS. Palpation of the stifle. In: Stashak TS, Ed. Adams' 
Lameness in Horses. 4th ed. Philadelphia: Lea 8c Eebigcr, 1987; 
125-126. 


Copyrighted material 


Chapter 8 Lameness 1011 


14. Tcxtor JA, Nixon AJ. I umvden JM, et al. Subchondral cysric le¬ 
sions of the proximal extremity of the tibia in horses: 12 cases 
(1981-2000). J Am Vet Med Assoc 2001;218:408-411. 

15. von Rcthenherg B, Guenther H, Mcllwraith CW, ct al. Fibrous 
tissue of subchondral cystic lesions in horses produce local media¬ 
tors and neutral inetalloproteinases and cause bone resorption in 
vitro. Vet Surg 2000;29:420-429. 

16. Wagner PC, Watrous BJ. Equine pediatric orthopedics: clinical, 
radiographic, and therapeutic aspects. 1: Osteochondrosis. Equine 
Pract 1990;12:32-17. 

17. White NA, Mcllwraith CW', Allen D. Curettage of subchondral 
hone cysts in medial femoral conch ies of the horse. Equine Vet J 
1988;6(Suppl): 120- ] 24. 


INTRAARTICULAR FRACTURES OF THE 
FEMOROPATELLAR JOINT: FRACTURES 
OF THE FEMORAL TROCHLEA 

One study reported chip fractures in both trochlear 
ridges of the distal femur of three horses. One horse 
sustained the injury by striking a jump (stone wall) and 
the other two horses were injured by punctures. Sepsis 
is a consideration in these cases; and if it occurs, it is 
treated routinely. Lameness depends on the degree of 
periarticular inflammation, but it eventually subsides to 
mild. All three horses underwent routine femoropatellar 
arthroscopic surgery. Some degree of synovitis was en¬ 
countered, but the fragments were removed routinely, 
and the fracture beds were dehrided. All horses returned 
to normal work after 4 to 5 months. These lesions are 
not typical of OCD because of the acute onset of lame¬ 
ness, and complete radiographic ossification is evident, 
as long as the fragment is visible. 

Salter-Harris type 4 fractures of the distal femur in 
young horses occur from direct trauma; 5,22 in one case, 
the horse struck a gate. Lameness is severe, and femoro¬ 
patcllar effusion is obvious. The fracture may involve 
both trochlear ridges or only one. Radiographs demon¬ 
strate the fracture in the dorsopalmar and latcromcdial 
projections (Fig. 8.468). The tangential view' may also 
be helpful. Acute fractures can generally be reduced, and 
fixation is performed using lag screws. 5,21 If necessary, 
screws can be placed distal to proximal through the artic¬ 
ular surface; the screw' heads are countersunk into the 
subchondral bone. 5 ' 22 Although it is sometimes possible 
to accomplish the fixation arthroscopically, the spatial 
orientation can be challenging. Depending on the case, 
it may he more efficient to use an arthrotomy. The prog¬ 
nosis is reasonable for normal activity; none of the af¬ 
fected horses in these studies has reached training age; 
but they all arc sound. 5,22 


INTRAARTICULAR FRACTURES OF THE 
FEMOROPATELLAR JOINT: FRACTURE OF 
THE PATELLA 

Patellar fractures occur infrequently in horses. De¬ 
scribed fracture configurations include sagittal, 2,6,8,1 * 
transverse, 12 and comminuted; 16 fracture of the base of 
the patella; 2 * and distal fragmentation of the patella. 14,19 
When fractures do occur, they may be associated with 
severe soft tissue trauma involving the ligaments and 
joint capsule of the stifle joint. 9 


Causes 

Direct trauma to the patella while the stifle joint is in 
a semiflexed position is a common cause. The patella is 
immobilized when the stifle is semiflexed, making it 
more susceptible to direct trauma. 4 Horses that jump 
can strike jumps and sustain bilateral patellar frac¬ 
tures,^ 13 or the fracture can occur as a result of a kick. 
Sudden lateral slips may cause a separation of the medial 
fihrocartilagc. 6 

Signs and Diagnosis 

Horses present with an acute onset of lameness and 
a significant painful swelling associated w ith the cranial 
aspect of the stifle. Significant soft tissue swelling may 
obscure palpation. Pain and sometimes crepitation are 
noted, and fragments may be palpable, Femoropatellar 
effusion is usually profound. Flexion of the stifle joint 
exacerbates the lameness and the painful response. 
Weight hearing may be difficult with severely commi¬ 
nuted patellar fractures, and the horse may stand w ith 
the limb partially flexed without locking the stifle. 

Radiographs are required to document the type and 
extent of the fracture (Fig. 8.469). Since sagittal fractures 
may not be apparent on routine radiographic views, the 
skyline projection is required for their identification (Fig. 
8.470), although small medial fragments may be ob¬ 
scured by the soft tissue density that is present w hen the 
Hindiimb is flexed to obtain the radiograph. If the plate 
is placed proximal to the stifle and the beam travels dis* 
toproximad, the patella separates more completely from 
the trochlea, allowing better visualization. 6,16 General 
anesthesia makes rhe procedure more convenient if the 
horse is painful. Ultrasound is useful for identifying small 
fracture fragments, patellar ligament disruption, and le¬ 
sions that may not be radiographically visible (c.g., me¬ 
dial fibrocartilage separation). 

Treatment 

Small avulsions in which the fragments become 
embedded in rhe capsule and the patellar tendon may 
heal with rest and anti-inflammatory therapy. Fractures 
with intraarticular fragments seldom remain sound 
w hen the horse returns to work 6,13 Fragments approxi¬ 
mating a third or less of the patellar substance can he 
removed with success. ’ K 11 1 prefer arthroscopic removal 
because visibility is improved and small fragments are 
less likely to be missed (Fig. 8.471).’ 1 The fracture usu¬ 
ally involves the medial aspect of the patella. The frag¬ 
ment can he dissected from the patellar tendon with a 
large elevator or a motorized soft tissue resector. If the 
fragment is large, it can he divided with an osteotome. 
If surgery must he delayed because of soft tissue injury 
or skin trauma, intraarticular sodium hyaluronate re¬ 
duces the synovitis in the interim. 

Kven large fragments may heal with rest if displace¬ 
ment is minimal; risk of osteoarthritis is real, however, 
w r ith articular involvement and visible femoropatellar ef¬ 
fusion. Large extra articular fragments can be removed, 
but it may not be necessary. One consideration is 
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Figure 8.469 Lateromedial view of a sagittal fracture of the 
patella (fight arrow) and a fracture of the trochlear ridge (left 
arrow). 


6-1 7 



Figure 8.470. Flexed skyline of a medial sagittal fracture of the 
patella (arrow). (Courtesy of T. S. Stashak ) 


muscles. Tension hand support is the best option for 
transverse patellar fractures. 12 In either case, failure to 
achieve good anatomic reduction can result in femoropa- 

tellar osteoarthritis. 

Assisted recovery from anesthesia is recommended for 
horses that have had a large fragment removed and when 
internal fixation is used. Failure to have a smooth recov¬ 
ery may result in luxation of the remaining patella and 
breakdown of the repair if internal fixation is used. 

Prognosis 

The ultimate outcome depends on retaining an ade¬ 
quate, stable articular surface. Instability or persistent 
synovitis results in osteoarthritis. After conservative or 
surgical therapy, lameness may persist for some time 
while the synovitis resolves and artv patellar ligament 
desmitis or enthesopathy heals.* 0 " 1 * If this results in 
continued instability, the outcome is poor. 

Of a combined series of 21 horses from which medial 
fragments were removed, 15 returned to full work.’* 8,13 
Failures occurred primarily because of preexisting osteo- 



Figure 8.471 Arthroscopy reveals a media t patellar fragment 

The elevator separates the patellar fragment from the soft tissue 
attachments The medial trochlear ridge of the femur is also 
visible. Arrowhead, parent patella 


arthritis, luxation of the patella during recovery from 
anesthesia, and one unexplained ensuing osteoarthritis. 
These failures may point to the value of thorough preop¬ 
erative ultrasonographic evaluation or more prolonged 
postoperative stall rest. 

Internal fixation provides the ideal set of circum¬ 
stances for a favorable outcome for displaced and dis¬ 
tracted fractures. Recovery from anesthesia may he the 
most critical point in the postoperative period. Horses 
with severely comminuted fractures are likely to remain 
lame. Some of these individuals may attain breeding 
soundness with prolonged stall rest. However, if the 
quadriceps function is compromised or if severe osteoar¬ 
thritis develops, euthanasia should he considered. 

INTRAARTICULAR FRACTURES OF THE 
FEMOROPATELLAR JOINT: 
FRAGMENTATION OF THE DISTAL 
PATELLA 

Fragmentation of the distal patella is an uncommon 
condition that often follows medial patellar desmo- 
tomy. 1 The situation seems to arise from tem¬ 
porary patellar instability caused by the desmotomy. 
Malalignment of the patella has been reported shortly 
after medial patellar desmotomy.The characteristic le¬ 
sion was experimentally reproduced in 11 of 12 horses 
undergoing medial patellar desmotomy. 10 

Signs and Diagnosis 

The clinical signs consist of some degree of unilateral 
or bilateral Hindiimh lameness and stiffness. Femoropa- 
rellar joint effusion is common, and palpable thickening 
of the joint capsule is often present. Radiographic 
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Figure 8.473 Craniocaudal view ot an avulsion fracture ol the 
media intercondylar eminence of the tibia. Because the cranial 
cruciate ligament inserts at this location, it is a sprain fracture. 


type 4 fractures of the distal femora! physis 1 (see Fig. 
8,468), and fractures at the origin of the long digital 
extensor muscle or peroneus rertius muscle (Fig. 
8.4741. 1,4 One report noted a loose fragment in the cau¬ 
dal lateral femorotihial joint.*’ 

Treatment 

The goal of treatment is to remove or stabilize the 
fragment to avoid continued synovitis and osteoarthritis. 
The choice of treatments depends on the size and loca¬ 
tion of the fragment. The stifle is an area that is repeat¬ 
edly placed under tremendous stresses during athletic ac¬ 
tivity. Salter-Harris type 3 and 4 fractures that extended 
through the distal femoral physis have been described. 4 
In one study, a Salter-Harris type 4 fracture was repaired 
using an angled blade plate. 4 If the fragment cannot be 
securely stabilized but the articular surfaces remain ade¬ 
quate, removal is preferred. 2 4,5 If the articular surface 
must be reconstructed or if the fragment attaches impor¬ 
tant soft tissue, repair is considered. 7 Frequently, an ap¬ 
proach must be designed and practiced to allow the sur¬ 
geon access to unusual sites in the caudal portion of the 
joint. Some fragments are too large or too securely at¬ 
tached in soft tissue for arthroscopic removal (Fig. 
8.475j. 2 

Prognosis 

The prognosis cannot be generalized for these frac¬ 
tures. Fragments arc of different sizes and importance, so 
each case must be evaluated individually. In one report, a 



Figure 8.474 A. Craniocaudal view of an avulsion fracture of 
the origin of the long digital extensor muscle Mote the fragment 
that has been displaced distalty (arrow) This should not be 
confused with a trochlear ridge OCD, which is typically located 


more proximally on the trochlear ridge B Craniomedia! to 
caudotateral oblique view demonstrating the fragment positioned 
at the craniotateral aspect of the lateral femorotitwal joint. 


Copyrighted material 


1016 Adams' Lameness in Horses 



Figure 8.475 Cramocaudal view of a proximal tibial fracture 
that came from the medial tibial condyle caudal to the collateral 
ligament (white arrows); the fragment was dissected from the joint 
capsule and medial meniscus. Note the medial femoral condylar 
lesion that may have occurred at the same time (black arrow); it 
was debnded arthroscopicalty, 

horse with a Salter-Harris type 3 fracture was managed 
conservatively and became sound for pasture; limited 
fracture disease self-corrected, 1 In the same study, one 
horse with a Salter-Harris type 4 fracture was managed 
conservatively and eventually raced; another horse un¬ 
derwent surgerv for internal fixation and succumbed to 
complications. Fragments that do not leave defects to 
disrupt normal joint motion or damage menisci or carti¬ 
lage can be successfully removed; occasionally there is 
no choice. 2 * 5 * 6 Note that the stifle can remain painful 
after surgery for 6 to 12 months, and yet the horse can 
become sound. However, with any intraarticular frac¬ 
ture affecting a weight-bearing area, guarantees for ath¬ 
letic soundness cannot be made. 
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AVULSION OF THE ORIGIN OF THE 
PERONEUS TERTIUS AND LONG DIGITAL 
EXTENSOR TENDONS 


These conditions are discussed elsewhere in this chap¬ 
ter (Figs. 8.422 and 8.474). 


INTRAARTICULAR LESIONS OF THE 
FEMORAL CONDYLES 

Cartilage lesions atypical of the OCD occur on the 
condylar surfaces of the distal femur. 1,4 Two groups of 
horses are affected. Foals are affected in the caudal con¬ 
dylar regions. Lesion specifics and severity' varies, and 
some are associated with sepsis. 1 Adults generally having 
a history' of chronic lameness may have radiographically 
inapparent chondral defects in the same sites as medial 
condylar SCLs; a few lateral condylar lesions occur as 
well/ 

In one study, 20 foals with caudal femoral condylar 
lesions were placed into three categories based on radio- 
graphic lesions. 1 Type 1 lesions were thought to have a 
septic origin, whereas types 2 and 3 were nonseptic and 
believed to be different degrees of the same problem. 
Type 1 lesions had a discrete area of radiolucency within 
the subchondral bone of the caudal aspect of a femoral 
condyle and were associated with septic arthritis and os¬ 
teomyelitis. Type 2 lesions had localized osseous irregu¬ 
larities involving less than 50% of the femoral condyle. 
Type 3 lesions had widespread irregularities involving a 
large area of the condyle, and in 5 foals with this type 
of lesion, there was a thin osseous fragment displaced 
from the condyle and free in the femororibial joint 
pouch. Foals with type 1 and 3 lesions were severely 
lame, and foals with type 2 lesions were not as lame. 
The results of cytologic evaluation of the synovial fluid 
from foals with ty pe I lesions were compatible with sep¬ 
tic arthritis; synovial fluid from foals with type 2 and 3 
lesions was not septic (Fig. 8.476), 

In a study of foals with these lesions, surgical explora¬ 
tion and debridement were performed in 4 foals. Of 
these, 2 foals with type 2 lesions are currently performing 
athletically. The remaining 2 foals underwent surgery 
for type 3 lesions; both were euthanatized at surgery be¬ 
cause of the severity of the lesions. Follow-up informa¬ 
tion was available for 5 foals that did not have surgery. 
Of these, 2 foals with type 1 lesions and 1 foal with a 
type 3 lesion were sound 1 year after diagnosis, 1 foal 
with a ty pe 2 lesion had residual lameness that prevented 
performance, and 1 foal with a type 3 lesion was sal¬ 
vaged for breeding. A total of 11 foals were destroyed. 
Type 1 lesions represent focal epiphyseal osteomyelitis 
and septic arthritis. The cause of type 2 and 3 lesions is 
speculative, but there appeared to be a disruption or 
delay in endochondral ossification. In addition, lesions 
may be caused by osteochondrosis or may result from 
some vascular insult that is not currently well defined. 

In another study, 11 adult horses of ages 2 to 4 years 
presented for hindlimb lameness of I to 12 months’ du- 
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have a more subtle lameness that often requires inrraar- 
titular analgesia for diagnosis. 11 

The diagnosis is based on localizing hindlimb lame¬ 
ness in rhe usual manner. Femoropatellar effusion is not 
a feature of chronic meniseal degeneration. Intraarticu- 
lar anesthesia causes improvement. Radiographs may be 
normal, but possible changes include mineralization at 
the attachments of rhe meniscal ligaments and narrowing 
of rhe joint space. Six of seven horses in one study had 
proliferative new bone on the cranial aspect of the inter¬ 
condylar eminence of rhe tibia. 11 Accurate evaluation of 
the femororihial joint space requires that the horse re¬ 


main in position while the left and right caudocranial 
projections are taken; the x-ray tube is at the same height 
for both views (Fig. 8, 479). Scintigraphy may show in¬ 
flammation at rhe attachments. 

Ultrasound findings of the normal stifle have been 
described, 2 and meniscal injuries have been detected. -1 In 
a series of 49 stifles with meniscal injuries detected by 
ultrasound, radiographic evidence was present in only 
18. Dik 4 noted that ultrasound supported radiology in 
most cases. The medial meniscus is often injured as part 
of a triad that includes the MCI, and (XL.* Ultrasono¬ 
graph ically evident meniscal changes arc changes in size. 



Figure 8.479 Standardized craniocaudal views of the left (A) femorotibial joint space is onty about 50% that of "he left joint 

and right (B) stifles of a horse with medial meniscal degeneration (arrows). 

Although there are no osseous signs of dtsease, the right medial 



Figure 8.480 A Arthroscopy reveals frayed fibers of the lateral 
meniscal ligament (ML) and meniscus (LM) in a horse in which 
lameness was blocked by lateral femorotibial analgesia The 
cranial cruciate ligament (visible in the right background) is slightly 
frayed These changes were not detected by radiography. The 


horse had been rested for several months while a traumatic SCL 
in the medial femoral condyle regressed B. After debridement 
using a power synovial resector, it was evident that the cartilage 
was thin bul intact CC. cranial cruciate ligament 
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patellar desmotomy. Complications from that procedure 
should now deem it to he the last resort for treatment 
of UFP (see “Fragmentation of the Distal Patella”).*' 5,6, 
k.iu.! i TJig majority of horses respond to controlled con¬ 
ditioning to increase quadriceps strength and tone, 
which tightens the medial patellar ligament. However, 
once an a fleeted horse d rops a level of fitness, UFP may 
recur. Rest or confinement is contraindicated. 

For a permanently fixed patella, a sideline may be 
applied to the affected limb so that as the limb is drawn 
forward the patella is pushed medially and downward, 
which often disengages the fixed patella. Backing the 


horse may also dislodge the patellar ligament. In others, 
a medial patellar desmotomy is required. Fortunately, 
this situation is uncommon. 

For the medial patellar desmotomy, the area over the 
middle and medial patellar ligaments is closely clipped 
and prepared for surgery. The horse should lie sedated, 
and the tail wrapped to keep it from switching into the 
surgical sites. A local anesthetic is injected subcutane¬ 
ously over the middle patellar ligament with a %>inch 25- 
gauge needle. Then a 20-gauge 2-inch needle is inserted 
through this skin bleb to infiltrate the subcutaneous re¬ 
gion over the medial patellar ligament and the medial 



Figure 8.466 Medial patellar 
desmotomy A A curved mosquito 
hemostat is passed axial to the medial 
patellar (MP) ligament and expanded to 
create a path for the bistoury and to 
locate the caudal extent of the ligament 
so excessive tissue is not cut in a second 
effort. B. The curved bistoury is passed 
axial to the ligament in the path created 
by the hemostat C. The bistoury rotates 
outwardly to expose the blade and 
transect the ligament. T. medial trochlea 
of the femur. 
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Part XIII 


THE FEMUR 

Kenneth E. Sulims 

FRACTURES OF THE FEMORAL 
DIAPHYSIS AND METAPHYSIS 

Fractures of the femur are relatively common in the 
horse. 1 In young animals, fractures often involve 
the proximal or distal growth plate; and if the diaphvsis 
is involved, the fracture is usually simple and oblique. 
Adults, on the other hand, usually sustain comminuted 
fractures of the femoral shaft. Intraarticular fractures in¬ 
volving the stifle joint are described elsewhere in this 
chapter. 

Causes 

Young foals frequently sustain femoral fractures dur¬ 
ing the initial handling and often during halter breaking. 
Occasionally, the mare steps on the foal, causing this 
type of injury, or the foal becomes entrapped under a 
fence. In a study of 38 horses less than 1 year of age, 
causes included falls, severe adduction, external trauma, 
and getting caught in a fence. 9 In the mature horse, con¬ 
siderable force is required to fracture the femur. 


Signs and Diagnosis 

The obvious sign is non-weight-bearing lameness. 
When viewed from the side, the affected limb may appear 
slightly shortened with the hock held higher than the 
opposite hindlimb; a dimpling of the musculature overly¬ 
ing the fracrure may be observed (Fig. 8.488). In some 
cases, obvious swelling may be present. 

On palpation, excessive movement of the distal limb 
is appreciated. In younger horses, swelling can be ob¬ 
served in association with the fracture site and crepita¬ 
tion may be apparent (Fig. 8.489). In some cases, auscul¬ 
tation (with a stethoscope) of crepitation over the femur 
can be helpful. In the mature horse, however, these 
sounds arc often muffled because of the massive muscu¬ 
lature and swelling (e.g., hematoma) associated with 
these fractures. Because of overriding, the patella often 
feels loose and can he manipulated easily in a lateral and 
medial direction. Uncommonly, clinically significant or 
fatal hemorrhage results, and suspected vascular com¬ 
promise should he investigated.*' 1 

Young horses that have sustained proximal growth 
plate fractures (slipped capital epiphyses) can he difficult 
to diagnose; the condition must he differentiated from 
coxofcmoral luxations. Femora! neck fractures in older 
horses or ponies are similar. If the fracture has overrid¬ 
den proximally, the hock on the affected limb will he 
higher than the hock on the normal limb. Frequently, 
affected foals can hear weight; and because of the frac¬ 


ture location, swelling is not readily apparent in acute 
cases. Palpation and in some cases auscultation over the 
greater trochanter while the limb is being manipulated 
may help. If the foal is large enough, a rectal examination 
usually reveals crepitation when the limb is manipulated. 
In addition, swelling may he felt on the medial aspect of 
the thigh; particularly if the fracture is several days old. 
Fractures of the distal growth plate are usually easy to 
diagnose because of the displacement and swelling asso¬ 
ciated with the stifle region. 

Although the clinical signs are informative, except for 
proximal growth plate fractures, radiographs are impor¬ 
tant for making a definitive diagnosis and defining the 
exact location of the fracture. Except for horses with 
distal growth plate fractures and distal-end femoral shaft 



Figure 8.488 When a horse has a Iraciured lemur, the limb is 
a bit shortened and ihe musculature of the gaskm is slightly 

dimpled. 
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Figure 8.489 Lateromedial view of a closed oblique midshaft 
fracture of the femur {Courtesy of T S Stashak} 


fractures, a recumbent position is required to take the 
radiographs. Most handheld x-ray units cannot pene¬ 
trate the massive musculature overlying the femur in the 
adult horse. With the proper equipment, a standing 
oblique view of the coxofemoral region can be taken in 
smaller horses (Fig. 8.490). Digital enhancement of the 
radiographs often precludes the need for a grid tech¬ 
nique. 

In a series of 38 foals with femoral fractures, 26 had 
fractures of the femoral diaphysis and 18 sustained frac¬ 
tures involving two-thirds of the length of the diaphysis. 8 
A total of 12 foals had distal physeal fractures, and the 
most common fracture configuration was a Salter-Harris 
type 2. In another series of foals treated during the same 
time period 25 sustained fractures of the capital femoral 
physis, neck, or greater trochanter. 11 

Treatment 

Treatment of femoral shaft fractures depends on the 
age of the animal and the type and location of the frac¬ 
ture. Generally, euthanasia should be performed for 
adults and yearlings that have sustained femoral shaft 
fractures, unless exceptional circumstances exist. 

Diaphyseal fractures have been treated with stall rest 
in foals weighing up to approximately 200 kg. 11 



Figure 8.490 Standing dorsoventral view of a fracture of the 
proximal femur while the limb is held in abduction Smalt arrows, 
fracture line; large arrows, fragments 


Compression plating is the treatment of choice for foals 
that have sustained diaphyseal fractures when athletic 
soundness is desired. Of 15 foals with diaphyseal frac¬ 
tures that were plated, 14 patients required two plates 
for the repair. 8 One plate was placed laterally and the 
other craniatly. However, single-plate application has 
occasionally been used. 1,8 More distal fractures can be 
repaired using angled blade plates or dynamic condylar 
screw plates. When there are no complications, the 
plates are not removed. 

Fractures that have no caudal cortical buttress arc at 
risk of receiving an unstable repair and should he given 
a poor prognosis. 8 Because traction on the distal limb is 
generally useless, toggling and locally applied distraction 
devices arc necessary to reduce the fracture. Negative 
pressure suction drains should be applied until drainage 
stops (usually 4 to 5 days). 8 * 2 " Inability to control serorna 
formation is related to an increase in infection rates.” 

Intramedullary pinning using the stacked pin tech¬ 
nique or a single 0.5-inch pin has been used successfully 
in young foals with femoral diaphyseal fractures. 21 ' 
However, problems with pin migration should be ex- 
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FIBROTIC AND OSSIFYING MYOPATHY 

Fibrotic and ossifying myopathy is a fibrosis or ossifi¬ 
cation of the muscle tissue in the crus that often results 
in adhesions between the semitendinosus, semimembra¬ 
nosus, gracilis, or biceps femoris muscles (Fig. 8,494), 
The significance is that most of these adhesions limit the 
action of the semitendinosus muscle, causing an abnor¬ 
mal gait characterized by a slapping down (Fig. 8.495). 
If the semitendinosus is more affected, the slap is from 
cranial to caudal. If the gracilis is more affected, the slap 



Figure 6.494 The muscles in the gaskin of a horse affected 
wHh fibrotic myopathy. A, samrtondrno«us; 8, semimembranosus; 
c. bicape femoris. 



Figure 8.495 Characteristic action of the hindiimb of a horse 
affected with fib robe myopathy. The Nmb jerks backward and 
(townward (dotted lines) during the last 3 to 5 inches of the stride. 
result 1 ng in a stopping of the foot on the ground, ff the gracilis 
muscle is affected, the swing of the hindiimb is lateral to medial 
instead. 


is from lateral to medial. The character of the gait of 
semitendinosus-affected horses has been described in de¬ 
tail. 3 The affected hindiimb approaches the ground more 
vertically than normal and strikes it toe first, making 
more of a slap than the normal heel-toe manner of land¬ 
ing. Rarely, the condition occurs in the fore limb. 1 
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Figure 8.499 Lateral (A) and rear (B> views of the extensive neurogenic atrophy, which was confirmed by EMG (Courtesy of 

muscle atrophy of the quadriceps muscle group, which was due to T. S Stashak.) 


studies have investigated the serum chemistries of af¬ 
fected horses, hyperphosphatemia has not been a re¬ 
ported feature of the condition in horses. 

Signs and Diagnosis 

Because clinical signs of lameness seldom occur, 
horses could carry the lesion for years before presenta¬ 
tion to a hospital. The masses are generally 3 to 12 cm 
in diameter. The skin is freely moveable over the density 
because it lies beneath the superficial and deep fascia. 
It is often attached to the joint capsule of the lateral 
femorotibial joint. 

Once dissected free, the lesions are encapsulated in a 
tough white fibrous capsule. * The inrerior is composed 
of loculations of finely granular, gritry, white pastelike 
material. 2 Histologically, the granules are surrounded by 
a granulomatous inflammatory reaction. 2 Although it is 
difficult to make a broad comparison, the lesion in hu¬ 
mans is believed ro be secondary to collagen necrosis.’ 

Treatment 

The only treatment is surgical excision. However, the 
lesions seldom cause a clinical problem. The location is 


one that tends ro dehisce after surgery, ami postoperative 
complications must be taken seriously. One report in 
horses describes three of four cases that dehisced postop- 
eratively, and one horse was lost to septic arthritis.* If 
surgery is performed, a tension-relieving closure using 
mattress sutures and a sutured stent bandage is advised. 
In addition, a circumferential adherent surgical drape 
helps prevent swelling. 

Prognosis 

The prognosis is good for soundness and future use. 
Clinical problems or lameness is uncommon. The prog¬ 
nosis after surgery must be guarded, depending on the 
size of the lesion, owing to the potential for incisional 
complications . 1 

References 

1. Bcrtoni G.Gnudi G, PczioliG.Twoca*csoftaleinmi*vimini4enpiJi 
in the horse. Ann Facolta Med Vet Univ Pa mu 1993;13:201-210, 

2. Dodd DC, Raker CW. Tumoral calcinosis (calcinoso circumscripta) 
in the horse. J Am Vet Med Assoc 1970;157:968-972. 

1. Gouldcn BF. Tumoral calcinosis in the horse. NZ Vet J 1980;28: 
217-219. 


Copyrighted material 




Hidden page 



Hidden page 



Hidden page 



Hidden page 



Hidden page 



1044 Adams' Lameness in Horses 


Part XV 


THE PELVIS 

Dean A. Hendrickson 

THROMBOSIS OF THE CAUDAL AORTA OR 
ILIAC ARTERIES 

Thrombus formation in the caudal aorta, iliac arter¬ 
ies, or femoral artery occasionally causes lameness in 
horses. Such thrombi presumably cause lameness of the 
hindlimb as a result of circulatory interference (Fig. 
8,507), Thrombus formation has also been recorded in 
the brachial artery of the forclimb, causing lameness of 
that limb. Thrombophlebitis of the external iliac vein 
has also been reported.'* 

Etiology 

It is commonly thought that the thrombi are caused 
by larval forms of Strongytus vulgaris, which cause dam¬ 
age to the intima of the arteries and subsequent throm¬ 
bus formation. On the basis of the findings in 38 cases, 
Azzie believes that Strongytus species are not involved in 
aortic/iliac thrombosis. 1 However, one should consider 
that larvae could damage the intima of these vessels and 
then be resorbed. Any damage, however slight, to the 
intima of these vessels could cause platelet adhesion and 
clot formation. Azzie proposes that trauma to the aorta 
and/or iliac arteries from other causes and possible hor¬ 
monal factors should be considered. 

Mayhew considered the possibility* of disseminated 
intravascular coagulopathy, since fibrin-split products 
and decreased fibrinogen levels were reported in one 
case.' 1 However, it is hard to explain why the coagulopa¬ 
thy would only be manifested locally and not in other 
organs as well. 



Figure 8.507 Portion of aorta (A) and its enclosed thrombus 
(T). The bifurcation of the thrombus on the nght shows how it had 
occluded not only the aorta but also the iliac division. The horse 
afflicted with this thrombus was able to move only a few steps 
before incoordination and pain began The limbs were cold and 
the condition was diagnosed by rectal examination, which revealed 
very weak pulsation in the iliac arteries. 


Signs 

Signs vary with the size of the thrombus and the 
amount of occlusion of the blood vessel. Signs also vary 
in the time of their appearance after exercise, if the 
thrombus is small and the occlusion of the vessel is not 
great, the horse may be exercised vigorously before lame¬ 
ness occurs; however, in most cases the lameness occurs 
shortly after exercise begins and may be confused with 
azoturia. While at rest, the blood supply to the muscles 
may be adequate to prevent lameness, but some horses 
will be lame even when walking. 

When lameness appears, profuse sweating, pain, and 
anxiety occur if the horse is forced to continue the exer¬ 
cise. The affected limb will be cooler than the opposite 
member, and pulsation of the femoral artery will be less 
than that in the opposite limb unless both limbs are in¬ 
volved. An outstanding characteristic of this lameness is 
its intermittent character; it appears with exercise and 
disappears with rest. If the thrombosis is bilateral in the 
aorta, the horse may have difficulty in supporting its 
hindquarters. 

The veins on the affected limb will be indistinct, while 
the veins on the normal limb will stand out. Another 
sign that may be evident if the condition is unilateral is 
rhar the affected limb will not sweat, while the opposite 
normal limb docs. 

Diagnosis 

The diagnosis is established by rectal examination of 
the aorta and the iliac arteries. If there is a noticeable 
decrease of pulsation in the iliacs of the affected side or 
if there is fremitus in these arteries, thrombosis should 
be suspected. In some cases, the thrombosis may actually 
be palpated. 1 ~*' 9 The femoral artery pulsation on the 
inside of the thigh may be compared in both limbs; this 
is helpful in the diagnosis. The affected limb or limbs 
will feel cool while in azoturia, the quadriceps muscles 
become hard, and urine is coffee colored. Ultrasound 
can be used to document the size and extent of the throm¬ 
bus and its location. 2,4 ’ 7 * 10 

Treatment 

Two cases successfully treated w*ith sodium gluconate 
appear in the literature. '** Both authors stress giving the 
drug slowly intravenously in a dosage of 500 to 600 
mg/kg body weight. Alarming signs may occur during 
injection, and the rate must nc slow (2 hours and 30 
minutes to administer the dosage in 1500 mL of a 20% 
solution of sodium gluconate). These reports are encour¬ 
aging and the methods merit trial, since other treatments 
arc usually unsuccessful. In addition, the horse should 
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be wormed with thiabendazole at the rate of 4 g/100 lb 
(4 g/45.4 kg) body weight once weekly for 3 weeks. This 
will aid in destroying migrating Strortgylus larvae. The 
drug ivermectin may also be considered. In one report, 
treatment with heparin and long-term prophylaxis with 
Marcoumar showed clinical improvement but no change 
in the ultrasonographic findings/ Surgical removal of 
the thrombi with a thrombectomy catheter has been de- 
scribed in 2 horses, with complete reversal of the disease 
in 1 horse and return to limited function in the second 
horse/ 

In the absence of treatment, the vessels may, in time, 
be able to establish collateral circulation that will over¬ 
come the effects of the thrombus. However, some horses 
become progressively worse and destruction is necessary. 

Prognosis 

Prognosis is always guarded, and unfavorable if there 
is bilateral involvement or if the horse seems to be getting 
progressively worse. 
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FRACTURES OF THE PELVIS 

Fractures of the pelvis in horses arc relatively uncom¬ 
mon, ranging from 0.9 to 4.4% of all equine Lameness 
cases. 1 * 3 ’* They are most commonly found in the wing 
and shaft of the ilium, but fractures of the tuber coxae, 
symphysis pubis, obturator foramen, acetabulum, and 
ischium also occur (Fig. 8.508). 

Fractures through the wing of the ilium are usually 
seen in older horses (more than 6 years of age) as a sequel 
to the accidents that occur while jumping at high speeds, 
whereas fractures of the pubic bone, acetabulum, and is¬ 
chium are more frequently observed in young horses. 

Etiology 

Trauma is the etiology in all cases. Horses that slip 
and fall on their sides may fracture the pelvis. Horses can 


also fracture the ilium by fighting a sideline or struggling 
while the hindltmbs are tied in a casting harness. The 
coxofemoral articulation of horses is rarely dislocated 
because of the strong formation of the hip joint; the ilium 
or acetabulum usually fractures instead. Acetabular frac¬ 
tures frequently result when the horse slips or "splits” 
(spread-eagles). Stress fractures of the pelvis were shown 
to have a high prevalence in a sample of Thoroughbred 
racehorses that had died for other reasons, suggesting 
that stress fractures of the pelvis should be considered 
in cases of hindlimh lameness when other areas are ruled 

rvnt 


Signs 

Signs of fracture of the pelvis are variable because 
of the different sites of fractures. ** 4,< *' However, 

horses are frequently presented with a history of trauma 
or a fall that resulted in a unilateral lameness with even¬ 
tual muscle atrophy over the affected site. If the tuber 
coxae is fractured, very little lameness will be present, 
but when the horse is observed from behind, the hip 
on the fractured side will be flatter than rhe hip on the 
opposite side (knocked-down hip; Fig. 8.509). In some 
cases, the fractured pieces of bone become sequestra 
causing a draining tract and must be removed surgically 
(Fig. 8.510). In severe cases of fracture of the tuber 
coxae, the skin may be broken and the fractured ilium 
may protrude through the skin at the site of the tuber 
coxae. 

If the shaft of the ilium is broken, it may break in 
front of, behind, or through the acetabulum. If there is 
overriding of the fragments, the limb of the affected side 
will appear shorter than the opposite limb. The horse 
will be very lame, often refusing to place the foot of the 
affected limb on the ground. The lameness will closely 
resemble hip-joint lameness when the horse walks, espe¬ 
cially if the fracture has occurred through the acetabu¬ 
lum. The cranial phase of the stride will be short, and 
the horse will evidence pain as its weight passes onto the 
affected limb. 

If the fracture occurs through the symphysis pubis 
or through the obturator foramen, the horse will often 
appear to be lame in both hindlimbs, walking with a 
hesitating gait that is short m the cranial phase of the 
stride. Also, swelling of the vulva or vagina from edema 
and hemorrhage may be observed in fillies or mares. 16 

With the exception of fracture of the tuber coxae, if 
the fracture is acute, limb manipulation on the affected 
side will cause pain, and crepitation may be felt or heard. 
As rime passes, these signs will be reduced. 

Diagnosis 

The diagnosis is dependent on physical signs and ex¬ 
amination by rectal palpation. The most accurate 
method of diagnosis is to move the horse while one hand 
is held in the rectum. Crepitation will be detected as the 
horse moves and often the site of fracture can he pin¬ 
pointed. In some fractures of the ilium, large hematomas 
that are easily palpable will be present. In other cases, 
one of the iliac arteries may be severed by the fractured 
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weeks.' Surgery may be indicated in cases of commi¬ 
nuted fractures or with severe fracture displacement/* 3 

Prognosis 

Improvement was seen in 5 of 7 horses in one study 
with medical treatment with mixed results to surgical 
intervention. 1 
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Part XVI 


THE THORACOLUMBAR SPINE 

Dean A, Hendrickson 


ASSOCIATED BACK PROBLEMS 

There is little doubt that back problems associated 
with the thoracolumbar spine are an important cause of 
altered performance in horses. Two surveys carried out 
in the United Kingdom indicate the incidences of back 
problems ranging from 0.9% in genera) practice to 94% 
in a specialty referral practice, 1,11 A higher incidence of 
thoracolumbar problems has also been noted in competi¬ 
tive jumpers (show and eventing) and dressage horses.' 1 
In a postmortem study involving 36 Thoroughbred race¬ 
horses that had died or been euthanatized, there was 
impingement of the dorsal spinous processes in 92% of 
the horses and impingement of the transverse processes 
in 97%/ 

Although a wide range of problems can affect the tho¬ 
racolumbar spine, they can be separated into three major 
categories: 1) congenital deformities of the spine, 2) soft 
tissue injury, and 3) bony problems associated with the 
vertebra. Congenital deformities of the thoracolumbar 
spine include abnormalities in the curvature (scoliosis 
or lordosis) and vertebral fusion (synostosis). Soft tissue 
problems include sprained muscles, strained ligaments, 
disc disease, dsskospondyliris, and skin lesions from sit- 
fast and warbles underneath the saddle area. Bone dam¬ 
age includes ossifying spondylosis, spondylosis de¬ 
formans, overriding of the dorsal spinous processes, 
arthrosis of the articular processes, and fractures of the 
dorsal spinous processes, articular processes, neural 
arch, and vertebral bodies. 4 ***** 10 * 12 ' 13 * 2 ** 25 Fractures that 
frequently result in myelopathy will be covered under 
“Wobbler Syndrome” in this chapter. 

Although there is an acute awareness that back prob¬ 
lems exist and the back is frequently examined as a site 
of lameness, it is still difficult to obtain a definitive diag¬ 
nosis. The diagnosis is difficult because of the variable 
clinical picture, variable temperament of the horse, the 
inability to directly palpate and manipulate the thoraco¬ 
lumbar vertebrae, and the expensive equipment required 
to achieve images of this region. To add to the confusion, 
sensitive skin (thin-skinned) horses and “cold-backed” 
horses persistently resent palpation of the back, which 
may be incorrectly interpreted as a back problem. “Cold- 
backed” horses that show a persistent hypersensitivity 


over the back and hip and stiffen the back when the rider 
first mounts the horse rarely have radiographic changes. 
After the initial stiffness is gone, no effect in performance 
is noted. The question of whether the reaction resulted 
from pain or guarding because of previous injury or sim¬ 
ply the horse’s temperament is unknown. The possibility 
o (peripheral nerve lesions such as those seen in humans 
has not been explored or evaluated in the horse. 11 It is 
important that other sources of lameness, such as hind- 
limb lameness, be ruled out before a diagnosis of primary 
back soreness is made. 

Etiology 

Although there are many causes of back injury (direct 
trauma, poor-fitting saddles, improper seating of the 
rider, twisting and wrenching of the spine), there appears 
to be a correlation between the horse’s conformation, 
sex, what it is used for, and breed as to the type of injury 
that is sustained. 11-11 

Generally, horses that are short-backed with limited 
flexibility arc more prone to vertebral lesions, whereas 
horses with long flexible backs are affected more fre¬ 
quently with muscular and ligament strain. Mares are 
more frequently affected with ossifying spondylosis, and 
overriding of the dorsal spinous processes is more fre¬ 
quently observed in geldings.' 1 Where sacroiliac strain 
is most prevalent in horses jumping at speeds, bone dam¬ 
age to the thoracolumbar spine is more frequent in com¬ 
petitive jumpers. Musculoligamentous strain occurs with 
about equal frequency no matter what type of jumping 
is involved. 11 Thoroughbred racehorses are more fre¬ 
quently affected with soft tissue injury than with lesions 
to the vertebrae. Also, bone damage to the thoracolum¬ 
bar spine is most likely to be centered around the mid¬ 
point of the back, while soft tissue iniury is more fre¬ 
quently just caudal to the withers and over the loin. 1 
Stress fractures of the vertebra most likely occur more 
frequently than previously observed. In one study, 18 of 
36 specimens had incomplete fractures and focal perios¬ 
teal proliferation of the lamina stemming from vertebral 
stress fractures. The fractures occurred most commonly 
near the junction of the cranial articular process and the 
spinous process. 
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Osteoarthritis of the articular processes has been 
noted in horses, In a review of 36 Thoroughbred horses, 
97% of the horses showed variable degrees of osteoar¬ 
thritis, which should be considered as a possible source 
of back pain. 7 

Rooney feels that spondylosis deformans results from 
excessive dorsiflexion that occurs when the horse’s back 
muscles fatigue. This in turn leads to tearing of the ven¬ 
tral and ventrolateral aspects of the anulus fibrosus, 
compressing the intervertebral joint and eventually lead¬ 
ing to impingement of the dorsal spinous processes. 22 
Jn the most advanced cases, fusion occurs between the 
intervertebral joints. 


Signs 

Horses with chronic thoracolumbar problems fre¬ 
quently present with a history of loss of performance 
indicated by stiffness, inability to stride out, lack of en¬ 
thusiasm for work, and lack of fluidity and timing when 
jumping. 3 ' ,0,,1,,4 ' , ' , Owners will often relate a loss of 
‘‘suppleness’’ in the back. Horses that have sustained 
recent acute trauma to the vertebral column exhibit 
rather precise signs of back pain that are usually easy to 
localize. In those with fracture, stiffness, malalignment 
of the vertebral column, and a neurologic deficiency may 
be a part of the history. 

On visual examination, the horse should be viewed 
from the side to gain an appreciation for the dorsoventral 
curvature (lordosis or kyphosis) of the spine and the 
alignment of the summits of the dorsal spinous processes. 
An elevation or swelling may indicate trauma to the soft 
tissue or dorsal spinous processes from the saddle if it 
is located over the withers or from a fall if it is located 
in the caudal, thoracic, or lumbar region (Fig, 8.519), 
Atrophy of the dorsal musculature should also be noted. 
The sacroiliac and sacrococcygeal regions are best 
viewed from behind while the horse is standing square 
on all four limbs. The alignment of the sacrococcygeal 
region and typical signs of hunter’s bumps should be 





Figure 8.519 Photograph of the caudal thorabc spine of a 
horse showing focal muscle atrophy (lower arrow) and elevation of 
the dorsal spinous processes (upper arrow). (Courtesy of T. S 
Stashak ) 



Figure 8.520 Photograph of a horse showing malalignment of 
the sacrococcygeal region. Note the pelvis $ asymmetric and 
there i$ a proximal displacement of the tuber sacrale (hunter's 
bump) on the nght side, indicating a subluxation of the sacroiliac 
joint (arrow). Also note the tail head is rotated clockwise. This 
horse presented with a history of poor performance as a jumper. 
(Courtesy of T. S. Stashak.) 


noted (refer to sacroiliac subluxation [Fig. 8.520J). The 
lateral curvature of the thoracolumbar spine is best ap¬ 
preciated from above while the animal is standing square 
on all four limbs and the head and neck are held straight. 
Abnormal curvature of the thoracolumbar spine may in¬ 
dicate vertebral injury, malformation, or muscle spasms 
(spastic scoliosis) (Fig. 8.521). Epaxial muscle atrophy 
may be seen in some horses with chronic severe back 
pain. 

On palpation, sensitive (rhin-skinned) horses or 
“cold-backed” horses will frequently withdraw rapidly 
when palpated over the thoracolumbar spine. This is 
often misconstrued as a sign of back soreness emanating 
from the spine or musculoligamentous support struc¬ 
tures when, in fact, ir is more likely a sign of skin sensitiv¬ 
ity. The open hand with fingers extended should be used 
to evaluate back pain. Hands are gently run along the 
dorsal epaxial muscles from the withers to the base of 
the tail. Asymmetry should be noted. The pressure is 
increased after each passage. A positive sign of back pain 
is elicited when the horse cringes and the muscle firmness 
(spasm) is evidenced over the site of the lesion. The mus¬ 
cle response of the horse is one of guarding to prevent 
movement of the affected region. Some horses will ex¬ 
hibit a more dramatic response and grunt, kick, or rear 
when pressure is applied. In any case, this sign should 
be repeatable and the intensity should not decrease with 
subsequent palpation. The dorsal spinous processes arc 
palpated; they should be evenly spaced, axially aligned, 
and about the same heighr exeepr for the elevations asso¬ 
ciated with the withers and the depression associated 
with the lumbosacral junction. 

Lateral flexion of the back is assessed by running a 
ballpoint pen down from the longissnmis dorsi muscle 
to the lateral thoracic and paralumbar regions. This is 
done on both sides. Horses with back problems often 


Copyrighted material 


Hidden page 



1056 Adams 4 Lameness in Horses 


• ^ 

Figure 8.522 Lateral radiograph of the withers of a horse, 
indicating fracture of the dorsal spinous processes of T4 through 
T10 (arrows). 



Figure 8.523 Lateral radiograph of the horse shown In Figure 
8.519, revealing a spondylopathy of the caudal thoracic vertebrae. 
Proliferative bone is attempting to bridge the intervertebral space 
(black arrows). Note the indistinct collapsed intervertebral space 
(white arrows). (Courtesy of T. S. Stashak,) 


supraspinous ligament, spinous processes, articular pro¬ 
cesses, transverse processes, intervertebral discs, and the 
lumbosacral joint/ 

Thermography has been used to diagnose neuromus¬ 
cular disease in 53 of 53 cases. In this report, it was 
suggested that animals with chronic back pain generally 
have cold regions rather than “hot” spots and cautions 
the user that thermography involves more than just look¬ 
ing for areas of increased temperature. 2 * Thermography 
should be considered in horses with training problems, 
lameness, or back pain. One author has seen a high inci¬ 
dence of abnormal thermographic signs of back-related 
neuromuscular disease in horses with training and be¬ 
havioral faults that have not shown overt lameness. 26 In 
general, thermography should be considered for any 
cases of locomotion abnormalities that are not candi¬ 
dates for nerve blocks and that fail to be diagnosed by 
other clinical examinations. 


Figure 8.524 Dorsal ventral adiograpb of the lumbar spine. 
Note two spinous processes (arrows) are displaced to opposite 
sides, indicating fracture of the spinous processes (Courtesy of 
T. S Stashak.) 


Definitive diagnosis of back pain is difficult at best, 
and in many cases, multiple structures are involved. It 
is important to look at the entire horse and rule out other 
causes of lameness, such as forelimb or hindlimb lame¬ 
ness, that may be contributing to rhe back soreness. In 
some cases, direct infiltration of a local anesthetic can 
be used to confirm the location of the disease process 
(e.g., impingement of the dorsal spinous processes). 

Treatment 

Anti-inflammatories and long-term parenteral admin¬ 
istration of analgesics have been utilized. Early reports 
suggested that prolonged rest of up to 6 months appears 
to be the most beneficial treatment independent of other 
adjunctive therapies. 1 n Controlled exercise, including 
having the horse step over obstacles, should be done dur¬ 
ing rhe rest period. 

The surgical resection of the dorsal summits of the 
spinous processes for the alleviation of chronic overrid¬ 
ing has been successfully applied for this specific condi¬ 
tion (see “Overlapping ... of the Thoracic and/or Lum¬ 
bar Dorsal Spinous Processes” in this chapter). 12 
Prolonged antimicrobial therapy and, in some cases, sur¬ 
gical curettage may be required for the treatment of ver¬ 
tebral osteomyelitis and diskospondylitis (see “Vertebral 
Osteomyelitis and Diskospondylitis” in this chapter). 

Alternative therapies including chiropractic manipu¬ 
lation and acupuncture have become popular modalities 
in the treatment of equine back disease. Stimulation of 
acupuncture points with saline and low-powered in¬ 
frared laser in two separate studies on horses with 
chronic back pain show'cd improvement in 13 of 15 and 
10 of 14 horses, respectively. 1 1 Many acupuncture 
techniques have been described, including dry needling, 
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sal spinous processes would alleviate the pain and was 
helpful in the diagnosis.* 

The above signs are by no means specific and may be 
similar to those seen with other conditions involving the 
back region. The diagnosis is best established with his¬ 
tory, physical examination including manipulation and 
palpation findings, and evidence of impingement on ra¬ 
diography. A positive radiographic examination wilt 
show diminished space between, and possibly overlap¬ 
ping of, the affected dorsal spinous processes. 

Jeffcott, however, found that the radiographic 
changes associated with overlapping of the dorsal spi¬ 
nous processes were not always related to clinical signs 
and that many horses exhibiting these radiographic find¬ 
ings performed satisfactorily. In one review, 34% of 
horses with functionally normal thoracolumbar speci¬ 
mens and 33% of horses w ith a history of thoracolumbar 
disease had radiographic evidence of dorsal spinous pro¬ 
cess impingement. H In another group of horses, 92% of 
the specimens had impingement of the dorsal spinous 
processes. 2 

Treatment 

Conservative therapies include rest, nonsteroidal anti¬ 
inflammatory drugs (NSAlDs), local injections of anti¬ 
inflammatory agents, acupuncture, and physiotherapy. 
Horses that are rested will often improve during the rest 
period but become sore again shortly after reinstating 
exercise. Systemic therapy w f ith NSAlDs will help horses 
w'ith very minor lesions but will not cure more severe 
lesions. Injections of corticosteroids between affected 
spinous processes, combined with nonsteroidal systemic 
therapy, can be quite helpful in reducing or removing 
pain. Based on the bone involvement, chiropractic ma¬ 
nipulations arc thought to be at least potentially con¬ 
traindicated in this disease process. 1 

Although Jeffcott could not identify a clear-cut advan¬ 
tage to surgery over conservative treatment (rest), most 
horses treated surgically were the most severely affected 
and tended to make better progress, returning to full 
work earlier. 6 Therefore, surgery should be relegated for 
the most severely involved cases. 

Surgical treatment will give satisfactory results in 
most cases if the diagnosis is accurate. ,,IM 1 The summit 
of the affected spinous process is removed through an 
incision on either side or the midline. If there is pressure 
between as many as three spinous processes, removal of 
the center one will usually relieve the symptoms. The 
supraspinous ligament is dissected free of the processes 
but not severed. The operative field is crowded by the 
longissimus dorsi muscle, making complete exposure of 
the process difficult. Only enough of the process is re¬ 
moved to relieve pressure between processes. A bone saw 
or wire saw can be used for cutting. For a detailed de¬ 
scription of the surgical procedure, the reader is referred 
to the original discussions. 111 

Aftercare consists of 2 to 3 months in a box stall and 
1 month of hand walking before beginning riding. Some 
cases do not show full benefit for several months. 

Prognosis 

The prognosis is guarded. Diagnosis is sometimes dif¬ 
ficult because of the size of the x-ray machine required 


for adequate radiographs and the fact that not all horses 
with radiographic signs of overriding of the dorsal spi¬ 
nous processes show clinical signs. Because of this the 
clinical significance of this finding should be closely scru¬ 
tinized before judgment is made regarding the treatment. 
Nuclear scintigraphy can be used to follow horses with 
mild cases to determine if full resolution of the disease 
has occurred. 
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VERTEBRAL BODY OSTEOMYELITIS AND 
DISKOSPONDYLITIS 

Vertebral body osteomyelitis and diskospondylitis are 
infrequently diagnosed diseases in the horse. 


Etiology 

Vertebral body osteomyelitis is most commonly seen 
in young animals regardless of the species. 4 This may be 
due to poor transfer of passive immunity, increased 
blood supply to the bone, and sharp loops of metaphy¬ 
seal vessels, leading to increased bacterial sequestration. 
Other sources of infection should be investigated because 
the vertebrae are usually secondarily involved. Trauma 
has also been proposed in the etiology of diskospondyl¬ 
itis in the horse, especially of the cervical vertebrae. 1 
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Part XVII 


MUSCLE PROBLEMS 

Dean A. Hendrickson 

MYOSITIS OF THE PSOAS AND 
LONGISSIMUS DORSI MUSCLES 

The muscular support of the equine spine is provided 
by numerous muscles and allows both stability and flexi¬ 
bility. The various muscles are used to a greater or lesser 
extent based upon use and fitness of the horse. The pain 
in the loin (lumbar) region often causes the owner to 
think the horse has “kidney trouble. M 

Etiology 

The pain associated with muscle disease may be 
caused oy acute rhabdomyolysis, recurrent exertional 
rhabdomyolysis, and polysaccharide storage myopa¬ 
thy. 5,7 Pain may be due to persistent muscle contraction 
secondary to a skeletal disorder. Consequently* a full 
examination should be performed to rule out other 
causes of pain before looking entirely to the muscles. The 
psoas muscles are very important in the driving action of 
the hindlimbs and arc subject to injury when the horse 
is improperly rrained. Muscle atrophy could be caused 
by neurogenic atrophy* myogenic atrophy, or immune- 
media red myositis. The most common cause of neuro¬ 
genic atrophy in horses is equine motor neuron disease or 
equine protozoal myelitis. Blunt trauma can also damage 
motor nerves. Myogenic atrophy is most commonly as¬ 
sociated with severe rhabdomyolysis but can occur after 
muscle trauma. 

Signs 

Typical signs of muscle disease include atrophy* focal 
swelling, pain on palpation, generally enlarged muscles, 
poor performance* behavioral change, difficulty accept¬ 
ing saddle* lameness, and shortened stride.'’ Often, 
horses will not use the hindlimbs properly for propul¬ 
sion* and the hindlimb gait will appear stiffened bilater¬ 
ally. The abdomen may be held rigid as though intraab¬ 
dominal pain was present. Serum muscle enzymes 
aminoaspartate transferase (APT) and creatine kinase 
(CK) will be elevated in the active stage. 4 

Diagnosis 

Diagnostic tests to determine the presence of muscle 
disease include physical examination* thermography** 
ultrasound, measurement of plasma/scrum enzymes* 
and muscle biopsy. 7 Many horses with back pain will 
respond to palpation of the epaxial musculature. The 
muscle soreness may be secondary to other disease pro¬ 
cesses* making a full physical examination critical in rul¬ 


ing out other abnormalities such as vertebral disease and 
other limb lameness. Transrecta I palpation can be per¬ 
formed to evaluate the psoas group of muscles. With 
muscle disease, it is important to examine the other mus¬ 
cles of the body, since primary muscle disease of the back 
is usually a component of generalized muscle disease. 
Muscle biopsy is rarely used in the early stages of the 
disease process and is best used after other diagnostic 
tests have been performed. 


Treatment 

Once a definitive diagnosis of muscle disease is identi¬ 
fied* therapy is determined by the disease process occur¬ 
ring, The reader is directed to the sections on nutrition 
and diseases of muscle for particular treatment regimens 
in Chapter 5. Chiropractic manipulations* acupuncture* 
and physiotherapy can be beneficial to treat the horses* 
and perhaps prevent reinjury. 1,3 * 5 ‘ fe 

Prognosis 

Prognosis can be guarded in some cases where a diag¬ 
nosis cannot be found or where generalized muscle dis¬ 
ease is present. However, many horses return to full use. 
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MUSCULAR DYSTROPHY 

Muscular dystrophy has been observed in the horse* 
yet it is an uncommon disease. It has been reported in the 
semitendmosus muscle, 1 ' 3 the gluteal muscle* 2,3 trunk 
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muscles/ and the massetcr muscle 1 . Muscular dystrophy 
differs from simple atrophy in that the muscle completely 
disappears. 

Etiology 

The etiology of muscular dystrophy is unknown. 

Signs 

In early stages of the disease, the animal may be una¬ 
ble to rise, or it may have an abnormal gait. In later 
stages, complete loss of the muscular tissue is obvious. 
In some of the cases observed, the horse affected with 
dystrophy of the right massetcr showed only hone to 
palpation on the affected side. The semitendinosus on 
the left hindlimb was completely absent. In another case, 
the semitendinosus on the right hindlimb was completely 


absent. Bilateral dystrophy of both masseter muscles has 
also been observed. Dystrophy leaves a deformity in the 
limb and a deep grooving where the muscle was. 

Treatment 

No treatment is known for muscular dystrophy. 

Prognosis 

Prognosis is unfavorable. 
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Part XVIII 

WOBBLER SYNDROME 

A. J. Nixon 


Many diseases of the spinal cord produce locomotor 
disorders that appear clinically similar. Signs can vary 
from lameness and poor performance to overt neurologic 
abnormalities. Traditionally the collective term “wob¬ 
bler’* has been applied to all horses with signs of ataxia, 
weakness, and spasticity, but recently more emphasis has 
been directed toward establishing a neuroanatomic and 
etiologic diagnosis, since this provides a more accurate 
prognosis and determines appropriate treatment. 

The more common causes of ataxic paresis in the 
horse arc cervical vertebral malformation, equine proto¬ 
zoal myeloencephaliris, equine degenerative mye- 
loenccphalopathy, equine herpes virus type 1 (EHV-1) 
myclocnccphaliris, and vertebral trauma. Vertebral os¬ 
teomyelitis, neoplasia, fibrocartilaginous infarcts, inter¬ 
vertebral disc protrusion, Sudan grass toxicosis, equine 
infectious anemia, and spinal nematodiasis are seen less 
frequently. 


CERVICAL VERTEBRAL MALFORMATION 

Cervical vertebral malformation (CVM) is one of the 
most common causes of the “wobbler” syndrome in 
young, rapidly growing horses younger than 4 years of 
age. 5 This category includes not only malfor¬ 

mation of the bones and joints of the cervical vertebrae, 
but also malarticularions and degenerative changes of 
joints. It is most prevalent in Thoroughbred and Quarter 
Horse males, but all breeds and both sexes are af¬ 
fected. 2 *’ 57 -* 2 ’ 7 * 


Two subdivisions of CVM have been described. • f ‘ 2 ‘ 
76,9* Cervical static stenosis (CSS) is a narrowing of the 
vertebral canal that persists throughout the range of neck 
movements. 7 '’’* 4 * Cervical vertebral instability (CV1), on 
the other hand, results in a dynamic stenosis, compress¬ 
ing the spinal cord only when the neck is flexed. In the 
neutral and extended positions, the narrowing of the ver¬ 
tebral canal is largely relieved. Vertebral instability oc¬ 
curs predominantly in the midcervica! vertebrae, 
whereas the static stenoses are largely confined to the 
caudal neck. 62 ’*** 74,76 

Pathogenesis 

Cervical vertebral instability occurs most frequently 
in horses 6 to 12 months of age. The midcervica I (C3-C4 
to C5-C6) vertebrae are involved and exhibit several 
types of malformation. Narrowing of the vertebral canal 
at the cranial or caudal orifice is common and produces 
a vertebral canal that appears to undulate from vertebra 
to vertebra (Fig. 8.531). Developmental defects within 
the physcs and epiphyseal end plates with “mushroom¬ 
ing" of the metaphyses produce an uneven vertebral 
canal with the potential to subluxate and compress the 
spinal cord on flexion, Malformation and asymmetry of 
the articular facets are often present, and osteochondritis 
dissecans (OCD) lesions occur frequently in these joints 
(Fig, 8.532). Reduced growth of the caudal phvsis in the 
more cranial of the two adjacent vertebrae at an affected 
articulation results in a short vertebral body, compared 
with the dorsal lamina, and partial flexion (kyphosis) 
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Figure 8.531 Cervical vertebral instability at C3-C4, A, Neutral 
position. The caudal orifice of the cranial vertebra is narrower than 
normal because of "mushrooming" of the metaphysis and 


Figure 8,532 Osteochondritis dissecans of the articular facet 
joint. Same case as in Figure 8.531. 


of the articulation in the standing animal. The fibrous 
intervertebral disc firmly unites adjacent vertebrae, 
which promotes dorsal subluxation of the caudal verte¬ 
bra at the affected junction on flexion. The result is 
compression of the spinal cord between the cranial end 
of one vertebra and the dorsal lamina of the cranially 
adjacent vertebra (see 8.53IB), While cartilage defects 
from OCD of the articular facets are commonly observed 
at sites of spinal cord compression and other non- 
com pressed articulations in the cervical vertebrae, these 
facet lesions are not pathognomonic for spina! cord 
compression. 

Cervical static stenosis (CSS) typically occurs in 
slightly older horses, most being 1 to 4 years of age. The 
less mobile caudal cervical vertebrae (C5-C6, C6-C7) 



epiphysis (arrow) B Flexed position. Subluxation of the caudal 
vertebra in relation to the cranially adjacent vertebra with 
narrowing of the vertebral canal 



Figure 8.533 Cervical static stenosis due to a severely arthntic 
facet joint from the C5-C6 junction of a 2-year-old Thoroughbred. 
Penarticuiar osteophytes and joint capsule fibrosis have 
encroached on the vertebral canal and lateral foramen (arrows). 


arc affected almost exclusively. 62 * 67, 4 Bony abnormali¬ 
ties involve the articular facets and the dorsal laminae 
rather than the vertebral bodies. Degenerative joint dis¬ 
ease (DJD), possibly precipitated by OCD, is manifest 
as cartilage erosion, periarticular osteophytosis, sub¬ 
chondral bone sclerosis, and joint capsule hypertrophy 
and distension (Fig. 8.533). In addition to osteochondro¬ 
sis of the facet joinrs, trauma ro the immature cartilage 
surfaces of the facet may result in degenerative joint dis¬ 
ease. Associated with the degenerative joint disease of 
the articular facets are further growth and occasionally 
massive enlargement of the perimeter of the facets from 
osteophyte development. Compounding this enlarge¬ 
ment are hypertrophy and fibrosis of the synovial mem¬ 
brane and joint capsule (Fig. 8.533). Encroachment on 
the vertebral canal and lateral foramina can occur from 
either or both of these tissues/ '*’ 4 Subsequent compres- 
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Figure 8.538 Myelogram of a horse with cervical static 
stenosis Vertebral bony changes have resulted in persistent 
compression of the spinal cord. A. Neutrally positioned, there is 
marked narrowing of the dorsal and ventral contrast columns B 
With flexion, no relief of compression occurs. 

roid release or exogenous corticosteroid therapy. Blood 
chemical and enzyme analyses are often normal but may 
indicate and reflect the severity of self-inflicted trauma 
in severely affected horses. Paired serum samples and 
CSF are routinely submitted for EHV-1 laboratory tests, 
particularly where signs of cervical myelopathy exist but 
a myelogram was normal. 

Electromyography 

The use of the electromyogram (EMG) in horses with 
signs of cervical spinal cord disease is directed toward 
the detection of diseases other than CVM. Occasionally, 
vertebral malformations, articular osteophytes, joint 
capsule proliferations, or synovial cysts exert sufficient 
pressure on the exiting nerve roots that lower motor neu¬ 
ron signs detectable with EMG are produced. 

Treatment 

Medical therapy aimed at treating the inflammation 

within the spinal cord has been used for many years. 


Although palliative, stabilization of signs for extended 
periods is not uncommon, but permanent improvement 
is rare. Dexamcthasone and other corticosteroids are 
used frequently. The dangers of corticosteroid-induced 
laminins, especially following large doses of dexametha- 
sone, must be explained to the client before use. Di¬ 
methyl sulfoxide (DMSO) frequently is given in conjunc¬ 
tion with, or in lieu of, corticosteroids; the usual dose is 
1 g/kg given slowly intravenously, at a maximum con¬ 
centration of 20%. The beneficial effects of DMSO are 
largely because of its diuretic, vasodilatory, anti-inflam¬ 
matory, and membrane-stabilizing capabilities, in addi¬ 
tion to its potential to scavenge superoxide radicals. 1 *** 0 
Additionally, it increases cellular resistance to hypoxia 
and ischemia. Diuretics, such as furosemide, can be given 
but rarely result in clinical improvement. Phenylbuta¬ 
zone appears to he beneficial, especially when arthritic 
conditions of the vertebral articulations are present. The 
response to therapy depends on the dose used and the 
duration and severity of ataxia being treated. Return of 
clinical signs can be expected after drug administration 
is stopped. Stall rest, combined with anti-inflammatory 
therapy, is recommended to minimize further damage to 
the spinal cord. 

Surgical intervention in cases of cervical vertebral 
malformation has improved the otherwise poor prog¬ 
nosis formerly given to this condition. Stabilization by 
interbody fusion of cervical vertebrae is indicated for 
horses having cervical vertebral instability. The tech¬ 
nique is a modification of the Clownrd method used for 
stabilizing human cervical vertebrae, and improvement 
has been reported in 90% of horses. ’ w,,<)0 Since cervi¬ 
cal static stenosis causes persistent compression directed 
to the dorsal and lateral aspects of the spinal cord, subto¬ 
tal dorsal laminectomy is the procedure of choice. Sev¬ 
eral descriptions of laminectomy appear in the litera- 
tun , > tt,68.s4.9R 

Ventral stabilization by interbody fusion involves re¬ 
moving a major portion of the intervertebral disc and 
associated vertebral epiphyses. ^ A slightly oversized 
stainless-steel basket is then tamped into the hole to pro¬ 
vide immediate stabilization and promote eventual bony 
union of the two vertebrae. Horses are positioned in dor¬ 
sal recumbency with a brace beneath the neck acting as a 
fulcrum to extend the cervical spine at the intervertebral 
junction to be fused. A 30-cm ventral midline skin inci¬ 
sion exposes the sternothyrohyoid and omohyoid mus¬ 
cles, which are divided longitudinally to expose the tra¬ 
chea. After division of the deep cervical fascia, the 
trachea is retracted to the left, and the right carotid artery 
and vagosympathetic trunk are retracted to the right. 
The ventral crest of the cranial vertebra of the unstable 
intervertebral junction is cleared of insertions of the lon- 
gus colli muscles and removed with an osteotome to cre¬ 
ate a level surface for the drill guide. An 1 K-nim drill 
guide centered over the caudal physis of the crania I verte- 
hra is placed (big. 8.539), and a hole is drilled to a pre¬ 
measured depth. If this guide hole centers on the interver¬ 
tebral disc, then a larger drill guide is placed and a 25- 
mm hole is made with a large twist drill. If the guide 
hole is not centered correctly, then adjustments are made 
in placing the 25-mm drill guide. The drillings (predomi¬ 
nantly cancellous bone) from the guide hole and 25-mm 
hole are packed into the open cylinder of the stainless* 
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cystis neurona> and the response to appropriate treat¬ 
ment for EPM. The Western blot test for Sarcocystis neu¬ 
rona antibodies in the CSF is the most sensitive test, but 
a positive result does not necessarily mean the ataxic 
horse has clinical signs attributable to EPM. 8 Reasons 
for false positives include previous infection with the in¬ 
fectious organism Sarcocystis neurona, transfer of previ¬ 
ously antigen-primed lymphocytes to the CNS, existing 
quiescent Sarcocystis species in the CNS not necessarily 
causing disease, blood or plasma contaminated CSF tap, 
and laboratory error. Because of the concern associated 
with blood contamination of CSF samples, the atlan- 
cooccipital site may be preferable to a lumbosacral tap 
for retrieving CSF. This necessitates general anesthesia, 
compared to lumbosacral taps, most of which can be 
done standing. Nevertheless, the use of the Western blot 
test for analysis of antibodies in CSF provides significant 
evidence for incriminating EPM as a cause of neurologic 
disease. Analysis of serum levels of antibodies against 
Sarcocystis neurona are generally of limited value be¬ 
cause of the high prevalence of antibodies in most adult 
horses in many parts of northern America. A serum-posi¬ 
tive test simply means previous exposure to the infectious 
organism. It does not indicate active CNS involvement. 
Analysis of CSF samples is clearly advantageous, and the 
most significant result is a negative antibody titer in the 
CSF. This eliminates EPM as the cause of this specific 
neurologic deficit. To a lesser extent, a negative serum 
level of EPM is also useful information in the workup 
of a lameness case. Collecting CSF from clinically normal 
horses for the purpose of EPM testing is generally mean¬ 
ingless. 

Various tests have been devised to correct for blood 
contamination of CSF samples, thereby differentiating 
between serum-contaminated positive EPM titers and a 
true CSF-dc rived antibody titer. The albumin quotient 
and IgG indices have been developed to indicate blood 
contamination. More recently, quantitation of red blood 
cells in the CSF have been used to indicate blood contam¬ 
ination. 60 Additionally, other tests have been devised 
specifically looking for the DN A of the infectious organ¬ 
ism. This includes the polymerase chain reaction (PCR), 
where a strongly positive PCR suggests that the DNA 
from Sarcocystis neurona is present in the CSF. This 
assay can be falsely negative, however, because the DNA 
is confined to the neural tissue and capillaries, and either 
is not in the CSF or is present in minute amounts. 

Routine CSF analysis reveals approximately half of 
the horses with clinical signs associated with EPM have 
elevated protein concentrations in the CSF. Additionally, 
the CSF is often xanthochromic. 

Treatment 

Treatment is based on the use of antiprotozoal drugs 
that act by inhibiting folic acid synthesis. Additionally, 
use of anti-inflammatory, antioxidant, and immuno¬ 
modulatory treatments is helpful. Current recommenda¬ 
tions include the use of pyrimethamine at 1 mg/kg once 
daily, in combination with sulfadiazine or trimethoprim- 
sulfadiazine given orally at 20 to 25 mg/kg twice daily. 
Treatment generally should be for a minimum of 90 
days, and ideally should be continued until the CSF anal¬ 


ysis for Sarcocystis antibodies is negative on Western 
blot. Relapses are relatively common, particularly in 
horses that have had clinical signs for an extended dura¬ 
tion. Many horses are treated for at least 4 weeks beyond 
the resolution of clinical signs. Current treatment with 
folic acid inhibitors can affect mammalian cells, as well 
as the protozoa, when administered for extended pe¬ 
riods. Pyrimethamine and sulfonamides can cause bone 
marrow suppression, which manifests as macrocytic ane¬ 
mia and neutropenia in 10 to 20% of treated horses. 
Fetuses and neonates are also susceptible to the toxic 
effects of these drugs. Therefore, appropriate diem edu¬ 
cation Is important if pregnant or nursing mares are to 
be treated. All treated horses should be monitored with 
white blood cell counts every 4 weeks and antiprotozoal 
therapy should be reduced or discontinued if leukopenia 
develops. If supplementation is necessary, such as in 
pregnant mares, then folinic acid at 0.1 to 0.3 mg/kg 
orally once daily should he instituted. Additionally, ac¬ 
cess to green hay or a pasture should he provided. Pyri¬ 
methamine has the greatest in vitro activity against Sar- 
cocystic neurona, followed by trimethoprim, with the 
sulfonamides having no in vitro activity when used 
alone. The pyrimethamine concentration in CSF is un¬ 
likely to exceed 0.1 mg/ml. in horses, suggesting that it 
should he used in combination with a sulfonamide. 
Approximately 70% of horses treated with a combina¬ 
tion of pyrimethamine and sulfonamides respond to 
therapy, and treatment should continue for at least 3 to 
6 months." The relapse rate after treatment is unknow n; 
how'ever, most horses treated for 3 months or less have 
positive CSF antibody results on Western blot. 

Diclazuril (Clinacox, Schering-Plough Animal 
Health!, a newer antiprotozoal drug used in the poultry 
industry, has been evaluated for treatment of EPM in 
horses. It is currently not approved for use in horses. 
Preliminary results of a trial using diclazuril at 2.5 g/450 
kg orally for 21 to 28 days indicated approximately 60% 
<>f the horses had improved neurologic deficits. Exacer¬ 
bation of clinical signs can occur, resulting from the 
death of large numbers of Sarcocystis organisms; how¬ 
ever, this is not unique to the use of diclazuril. Absorp¬ 
tion of dic!az.uril from the gastrointestinal rract of horses 
is reported to be good, with a plasma half-life of 50 
hours. An intravenous formulation of rhe drug has also 
been tested, given daily for a 5-day course. 

The antiprotozoal agent roltrazuri! (Baycox, Bayer, 
Inc., Canada) has also been evaluated for rhe treatment 
of EPM. This anticoccidial drug has been used in avian 
species and ruminants. An oral daily dose of either 5 or 
10 mg/kg for 1 month has been the most common regi¬ 
men. Currently, the drug can only he imported for single 
case administration and only with approval through tne 
FDA. Anecdotal reports suggest noticeable clinical im¬ 
provement in horses on toltrazuril after failure to re¬ 
spond to diclazuril and the pyrimethamine/sulfonamide 
combinations. 

Lastly, the antiprotozoal agent nitazoxanide, which 
is used in humans to treat protozoal and helminth infec¬ 
tions, has been evaluated in a limited number of horses. 
Oral nitazoxanide at 25 mg/kg once daily for 5 days, 
followed by 50 mg/kg once daily for 23 days, improved 
the clinical status of 86% of horses.^ Serious side effects 
arc rare. ' 4 Nitazoxanide is thought to be protozoicidal. 
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which may he a distinct advantage tor treating EPM in 
the horse. Other than pyrimethamine and the sulfon* 
amide groups, none of these products is licensed for use 
in the horse. Moreover, three of the four described anti¬ 
protozoal regimens, including pyrimethamine and the 
sulfonamides, result in improvement in approximately 
70% of EPM cases. 22 Information is still being collated 
concerning relapse rates. 

Other supportive therapy, including anti-inflamma¬ 
tory agents (such as DMSO and nonsteroidal anti¬ 
inflammatory drugs), may be helpful, particularly in 
the early phases of treatment. Immunostimulants may 
enhance nonspecific cell-mediated immunity and may 
be of some value in treating EPM. Levamisole, ] to 2 
mg/kg given orally once daily for 7 to 14 days, killed 
Propionibacterium acne t and mycobacterial cell wall 
extracts have all been used as immunostimulants. 22 

Prevention 

Access of opossums to horse feed, water, stables, and 
pastures should be prevented as best as possible. Birds, 
insects, and rodents might act as mechanical vectors for 
oocysts and should not be allowed access to horse feeds. 
Intermittent use of antiprotozoal agents may be useful, 
given that a lapse time of 2 to 4 weeks is required for 
the ingested sporocysrs to develop into merozoites and 
enter the CNS. 22 

A vaccine has recently been approved for use in horses 
(conditional licensing. Fort Dodge Animal Health, Kan¬ 
sas). Two particular surface antigens of Sarcocystis neu- 
mtta arc thought to be virulence factors, and specific 
vaccination may have merit. Naturally occurring circu¬ 
lating antibody, however, appears to have little effect in 
preventing the disease. 

EQUINE DEGENERATIVE 
MYELOENCEPHALOPATMY 

Equine degenerative myelocncephalopathv (EDM) is 
a diffuse degenerative disease of the spinal cord and 
brain stem occurring in young horses and zebras. 41 
The cause of the disease is thought to involve nutritional 
and hereditary factors. Deficiency of vitamin E is a defin¬ 
itive cause, and many affected animals have low serum 
vitamin F. levels. However, certain family lines seem to 
be predisposed to the disease, particularly in areas that 
have low vitamin E and selenium levels in pastures.' 
Studies of the interaction of low alpha-tocopherol levels 
in growing foals that arc predisposed through some her¬ 
itable mechanism showed that low plasma concentration 
of vitamin E is a factor in the weanling and yearling age 
group." 

Signs and Diagnosis 

Clinical signs include symmetric araxia, weakness, 
and spasticity and usually begin before 6 months of age. 
Individual animals are usually involved, although whole 
groups of weanlings and yearlings can be affected on one 
farm. Signs are generally progressive and resemble those 
seen in cases of CVM, although greater variation be¬ 


tween thoracic and pelvic limb involvement is common. 
Onset of clinical signs is often abrupt and can rapidly 
progress. Some yearlings become recumbent and others 
remain stable for several months. In chronic cases, hypo- 
reflexia of the neck and trunk region is common. 41 Nor¬ 
mal radiographic and myelographic findings, often cou¬ 
pled with normal hematology, scrum chemistry and CSF 
values, and low F.H V, titers, lead to a tentative diagnosis 
of EDM. Serum vitamin E levels are a useful diagnostic 
test early in the disease. Infected horses frequently have 
less than 1 mg/mL in serum, although yearlings in the 
later phases of the disease may have normal vitamin E 
levels (1.5 mg/mL). 

Treatment 

Treating individual animals includes supplementation 
of vitamin E at 1.5 mg/kg per day in the feed. Affected 
horses may also be treated with 1000 to 3000 til as a 
daily intramuscular injection for up to 1 week, followed 
by 6000 IU given in the feed for the following months 
or even years. Early recognition of the disease and treat¬ 
ment can be effective. Follow-up evaluation of scrum 
vitamin E levels should be done to assess the progress of 
treatment. The heritable nature of this disease should 
also be discussed with the owners of affected stock. A 
definitive diagnosis cannot be established without a post¬ 
mortem examination. Since the disease usually pro¬ 
gresses despite supportive therapy, many horses with 
EDM are euthanatized. 


EQUINE HERPES VIRUS TYPE 1 (EHV-1) 

Of the eight El IVs that have been identified in horses, 
only EHV-1, EHV-3, and EHV-4 cause obvious clinical 
syndromes. 11 Importantly, only EHV-1 results in neuro¬ 
logic signs. F.HV-I produces four major disease syn¬ 
dromes in the horse, one being CNS signs due to mye- 
locncephalitis. Although neurologic symptoms are a 
much less common sequela to EHV-1 infection than rhi- 
nopneumonitis, abortion, or birth of weak foals, mor¬ 
bidity reportedly can be as high as 100%-" The cause 
of the my elncnccph a litis is believed to be an arterial vas¬ 
culitis of the CNS, with the symptoms resulting from 
secondary ischemic infarction and areas of hemorrhage. 

Signs and Diagnosis 

Pcracutc onset of paresis and ataxia, particularly se¬ 
vere in the hindlimbs, is occasionally preceded by other 
symptoms of EHV-1 infection, such as fever, cough, and 
serous nasal discharge. Urinary incontinence with blad¬ 
der distension, penile flaccidity, and decreased tail and 
anal sphincter tone are very common. Recumbency may 
ensue within 24 hours, but most horses rapidly stabilize 
soon after the onset of signs. Most horses that remain 
standing improve slowly and recover completely. Even 
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Since the hoof capsule is malleable, the manner in 
which it is trimmed and shod can have a marked effect on 
performance and soundness of the equine athlete. Hoof 
imbalance, characterized by improper toe and heel 
length, inappropriate hoot angle, and mcdiolateral hoof 
imbalance, is common. 4,12,1 ^°‘* 7,48 ‘ 52 Although some 
horses can tolerate these imbalances, others cannot and 
may enter a cycle that results in lameness. 

Trimming and shoeing can be categorized as preven¬ 
tive, corrective, or therapeutic. Preventive trimming 4nd 
shoeing is characterized by balance, support, and protec¬ 
tion; and the goals arc long-term soundness for perfor¬ 
mance. Corrective trimming and shoeing consists of al¬ 
terations in the hoof and or shoe to affect stance or stride 
and breakover. Properly employed corrective farriery 
does not force a limb into an abnormal position; it allows 
the hoof and limb to attain a desirable configuration, 
achieve more normal movement, and enhance 
breakover. Therapeutic trimming and shoeing is de¬ 
signed to protect or support an injured hoof or limb or 
to prevent or encourage a particular movement until 
heating can take place. For example, heel elevation may 
be used to reduce the tension on the deep digital flexor 
tendon, which in turn reduces the pressure on the navicu¬ 
lar bone in horses suffering from navicular syndrome. 

A lateral radiograph of the hoof, with markers in 
place, is commonly taken to identify the proper location 
tor breakover when corrective or therapeutic farriery is 
being employed (Fig. 8.47). Even though some lame¬ 
nesses may not be affected by shoeing, preventive trim¬ 
ming and shoeing should be a part oi the routine hoof 
care program for every performance horse. 

SHOEING PROCEDURE 

Good shoeing is an art and a science. For farriers to 
do their best work, a proper area should be provided, 
and well-mannered (tractable! horses should be pre¬ 
sented (Fig. 9.1). There should be a place to tie horses 
safely at a height above the withers, and the area should 


be well lighted, uncluttered, and level. A concrete slab 
covered with a rubber mat is ideal. Shade and shelter 
should be provided for summer as well as for winter 
work. Access to electrical outlets for power tools is essen¬ 
tial. It is the horse owner’s responsibility to present the 
farrier with a cooperative horse that has been trained to 
have its limbs handled and its hooves worked on. 

Before removing the old shoes, the farrier should dis¬ 
cuss with the trainer, owner, and/or veterinarian any 
problems or concerns regarding the horse’s hooves or 
the horse’s way of moving. If the horse is a regular client, 
the farrier should have records related to the horse’s pre¬ 
vious shoe mgs. 

The horse’s movement should be evaluated at a walk 
and at a trot in a straight line so that the farrier can watch 
(from rhe front, rear, and side) rhe manner in which the 
horse picks up its hooves, moves them, and puts them 
down. From the side view, the hoof should land flat or 
slightly heel first but generally not toe first. From the 
from and rear view, the hooves should land flat. A hoof 
that does not land properly when it is time for a reset 
may indicate that the hoof was not correctly shod in the 
first place, the hoof has grown out of balance since the 
last shoeing, the horse is compensating for pain, or the 
horse’s conformation is such that the hoof does not land 
Bat. The way a hoof lands differs with each gait and 
from forelimb to hindlimb. Most horses require shoeing 
every 5 to 8 weeks, partly because the hoof wall at the 
toe grows faster than that at the heels, which causes the 
hoof to become imbalanced. 

After removing the old shoes, each hoof and shoe are 
examined for clues to wear patterns (see display “How 
to Remove a Shoe" and Figs. 9.2 to 9.9). The hoof angle 
can be determined by using a hoof gauge, and the lengrh 
of the untrimmed hoof can be measured with dividers 
or a ruler. The balance, shape, and symmetry of the hoof 
are assessed, and any tendencies to form flares or dishes 
are noted. Hoof symmetry and size are evaluated by com¬ 
paring one hoof to the other. 
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HOW TO REMOVE A SHOE 

Assemble the necessary tools for removing a shoe: the clinch 
cutter, hammer, pull-offs, and crease nail puller (Fig. 9.2), 

Using the chisel end of the clinch cutter, open the clinches 
by tapping the spine of the clinch cutter with the hammer 
(Fig, 9,3). 

The “clinch** is the end of the nail that is folded over; this 
needs to be opened so that the nails can be pulled through 
the hoof wall without breaking off large hunks of the 
hoof (Fig. 9.4). 

If the shoe is creased, use the crease nail puller to extract 
each nail individually, which allows the shoe to come off 
(Fig. 9.5). 

Nails with protruding heads can be pulled out by using the 
pull-offs (Fig. 9,6). 

If the nails cannot be pulled out individually, remove the 
shoe with the pull-offs. After the clinches have been 
opened, grab the shoe heel and pry tow ard the center of 
the frog. Do the same with the other shoe heel (Fig. 9.7A). 

When both heels arc loose, grab one side of the shoe at the 
toe and pry toward the center of the frog. Repeat around | 
the shoe until it is removed (Fig. 9.7B). Never pry toward 
the outside of the hoof, or you risk ripping big pieces out 
of the hoof wall. As the nail heads protrude while the 
shoe is loosened, pull them out with the pull-offs. 

Pull out any nails that may remain in the hoof (Fig. 9.8). 

To protect the hoof until the shoe is replaced, cither wrap 
the hoof edges with tape (Fig. 9.9A), or, if the horse has 
a tender sole, tape a cloth over the bottom of the hoof 
(Fig. 9.9B) or use a protective boot. If the shoes arc being 
pulled to let the horse go barefoot, a qualified farrier 
should trim the hoof to minimize breakage and ensure 
balance. 



Figure 9.2 Toots for removing a shoe (from left); clinch cutter, 
hammer, pull-offs, crease nail puller. (Reprinted with permission 
from Hill C, Kltmesh R Maximum Hoof Power North Pomfret, VT: 
Trafalgar Square Publishing. 2000.) 



Figure 9.3 ■ " ; r. ■ n• m 

• Hill C, Kfimesh R Maximum Hoof Power North Pomfret, VT; 


Figure 9.1 A good work area for shoeing (Reprinted with Trafalgar Square Publishing, 2000 ) 

permission from Hill 0, Klimesh R Maximum Hoof Power North 

Pomfret. VT: Trafalgar Square Publishing, 2000.) 
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Figure 9.14 Shaping the hoof (Reprinted with permission from 
Hill C. Klimesh R. Maximum Hoof Power. North Pomtret. VT: 
Trafalgar Square Publishing, 2000) 



Figure 9.16 Checking for dish. (Reprinted wilt 1 permission from 
Hill C. KJimesh R Maximum Hoof Power North Pomfret. VT: 
Trafalgar Square Publishing. 2000,) 


I 




Figure 9.15 Dressing a flare (Repnnted with permission from 
Hill C. Klimesh R Maximum Hoof Power North Pomfret, VT 
Trafalgar Square Publishing, 2000.) 



Figure 9.17 Checking for Hare. (Reprinted with permission from 
Hill C, Klimesh R, Maximum Hoof Power North Pomfret. VT; 
Trafalgar Square Publishing. 2000 ) 
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Figure 9.24 Folding the clinches flat (Reprinted with 
permission from Hill C, Ktimesh R Maximum Hoot Power, North 
Pomfret, VT: Trafalgar Square Publishing, 2000 ) 





Figure 9.2S Filling the nail holes (Reprinted with permission 
from Hill C, Klimesh R. Maximum Hoof Power. North Pomfret. VT: 
Trafalgar Square Publishing, 2000.) 


Static Versus Dynamic Balance 

Static (geometric) balance refers to a geometric equi¬ 
librium ot the limb and the hoof in the standing posi¬ 
tion 13 (see display “Shoeing Quality Control Check¬ 
list*’). Generally, when the ground surface of the hoof is 
perpendicular to the axis of the limb (when viewed from 
the front, the medial and lateral hoof walls are equal in 
length, and the coronet is parallel to the ground), the 
hoof is in static balance. 


SHOEING QUALITY CONTROL CHECKLIST 
Hoof Preparation 

Balance 

Static versus dynamic 
Toe-heel tubule alignment 
Dorsal-palmar (plantar) 

Medial-lateral 
Length 
Levelness 
Sole 
Frog 
Shape 

Symmetry of hoof pairs 

Shoe Preparation 

Selection 

Fit 

Hoof expansions 
Heel support 
Contact with wall 
Sole pressure 

Nails 

Heads 

Placement 

Pattern 

Clinches 

Details 


Dynamic (functional) balance refers to the placement 
of the foot on (flat, level) ground during movement. 1 ’ 
When a hoof is in dynamic balance, it lands flat. 4,11 This 
does not mean there is equal weight distributed on the 
bottom of the foot, however, since more weight is nor¬ 
mally placed on the caudomedial side of the hoof during 
the stance phase, 1,1 " For a hoof to be dynamically bal¬ 
anced for efficient motion and symmetric strides, the 
trimming and shoeing must take conformation and other 
factors into consideration. Achieving dynamic balance, 
especially when working on a gait abnormality, often 
involves trial and error. The more the conformation de¬ 
viates from standard guidelines, the less likely static and 
dynamic trimming techniques will produce similar re¬ 
sults. 

Toe-Heel Tubule Alignment 

The angle of the hoof at the heel should be parallel 
to the angle at the toe. W : hen the heel angle is 5° less 
than the toe angle, the hoof is said to have underrun 
heels (Fig. 9.26). In such a case, the horn tubules at the 
heel may be crushed and collapsed forward and may be 
more nearly parallel than perpendicular to the ground 
surface. Rarely is the heel angle steeper than the toe 
angle, but it may appear that way if the toe is allowed 
to grow out with a dish. 

Dorsai -Paemar/Pi antak Balance 

Dorsal-palmar/plantar (DP) balance refers to the hoof 
angle (relationship between the dorsal wall of the hoof 
and the ground) and the alignment of the hoof angle and 
the pastern angle. Hoof angle is measured at the toe with 
a hoof protractor (Fig. 9,18). For years, textbooks cited 
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Figure 9.26 Toe-heel tubule alignment. A. Normal: tubules Klimesh R, Maximum Hoof Power. North Pomfret. VT: Trafalgar 

parallel from toe lo heel. B. Underrun heel; tubules not parallel. C. Square Publishing. 2000.) 

Low heels: tubules parallel (Reprinted wth permission from Hill C, 


45 to 50° as normal for the fore hoof angle and 50 to 
55® for a hind hoof angle. But observations by farriers 
indicate that normal forelimb pastern and hoof angles 
for domestic riding horses range from 53 to 58® and nor¬ 
mal hindlimb pastern and hoof angles range from 55 to 
60®, with the angles of an occasional normal horse falling 
outside these ranges. '* 1 One study found that the mean 
forelimb hoof angle was 53.8° (range: 48 to 55®) and the 
hindlimb mean hoof angle was 54.8® (range: 49 to 60®), 
with an occasional steeper angle being observed in the 
fore hooves than in the hind hooves. 1 

It is interesting to note that the dorsal hoof angles in 
wild horses were found to depend on the terrain. They 
ranged from 57 to 68° in soft, sandy environments; 54 
to 62° in packed sod; and 51 to 57° in gravel and hard 
rock, 41 

Each horse has its own ideal hoof angle. The angle of 
the hoof is considered correct when the hoof and pastern 
are in alignment; i.c., the dorsal surface of the hoof is 
parallel to an imaginary line (axis) passing through the 
center of the long pastern bone (proximal phalanx) (Fig. 
9.27). The goal is to align the dorsal surface of the coffin 
bone with the long pastern hone axis. The hoof wall can 
be used as a guide only when it has no flares or distor¬ 
tions, particularly in the area just below the coronary 
band. 4 " The hoot wall should be straight all the way to 
the ground. If there are no flares or distortions in the 
normal hoof, the dorsal surfaces of the hoof wall and 
coffin bone are parallel. 

This alignment is best viewed from the side of the 
horse with the horse standing squarely on a hard, level 
surface with the cannon bone vertical. An imaginary line 
through the center of the long pastern bone is used for 
the pastern angle; it needs to be remembered that the 
pastem joint is invariably slightly overextended regard¬ 
less of hoof angle. 1 Using the irregular surface formed 
by hair and skin at the dorsal (front) surface of the pas¬ 
tern can result in inaccurate alignment. 


Because more lamenesses arc associated with low 
heels (and low hoof angle) than with steep heels (and 
higher hoof angles) and because the hoof angle gets pro¬ 
gressively lower during the 5- to 8-week shoeing cycle 
(because the toes grows faster than the heels), it is usually 
better for the horse to be shod a little on the steep side 
than at too low an angle. When a farrier uses the natural 
balance trimming and shoeing approach described later 
in this chapter, the toes do not have a tendency to grow 
faster than the heels; therefore, the horse is not shod with 
a slightly steeper angle. To a large degree the proper hoof 
angle is determined by reading the bottom of the foot 
when natural balance trimming and shoeing is used. 

In many horses, the appreciation of hoof and pastern 
alignment may be unclear. Weight bearing and the posi¬ 
tion of the limb under the body can skew judgment; fur¬ 
thermore, the farrier must be able to recognize a subtle 
hoof deformity in the upper hoof wall and know how it 
affects the overall lateral picture. In these cases, reading 
the bottom of the foot to determine balance is often 
helpful. 

If the hoof angle is too low in relation to the pastern 
angle, the centerline will be broken back near the vicinity 
of the coronary band (Fig. 9.28). The lower the hoof 
angle, the higher the pastern angle and the more broken 
back the hoof-pastern axis. Decreasing the hoof angle 
increases the tension on the deep digital flexor tendon 
and the navicular ligaments, making the horse more sus¬ 
ceptible to developing navicular syndrome and superfi¬ 
cial digital flexor tendon strain. 32 Horses trimmed 
with a broken-backward hoof-pastern axis and observed 
for approximately 1 year develop typical signs of navicu¬ 
lar syndrome. Low hoof angles have also been shown to 
increase (prolong) the time for breakover (the interval 
between heel off and toe off) in both forelimbs and hind- 
limbs. 14,16 In addition, low hind hoof angles result in 
significant increases in overreach distances and over¬ 
reach duration. 1 * Furthermore, raising the toe (lowering 
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tendon and may decrease the breakover time. 1 Extremely 
high hoof angles (60° or more) result in excessive coffin 
joint flexion and a clubfoot appearance. Problems asso* 
dated with high hoof angles include coffin joint arthritis, 
extensor process injury, pedal osteitis, and increased 
strain on the suspensory' ligament and the superficial dig¬ 
ital flexor tendon . 4 * 19 In a study done on walking ponies, 
elevating the heels significantly decreased the strain on 
the deep digital flexor tendon by 0.1% and the inferior 
check ligament by 1.0% but increased the strain on the 
superficial digital flexor tendon by 0.2% and the suspen¬ 
sory ligament by 0.3%. 4 These findings, however, were 
not corroborated in an in vitro study. 

A study that documented the effects of lengthening 
or shortening the toe by 1 cm while maintaining the same 
heel length found that elongation of the toe resulted in 
a more acute angle of the dorsal hoof wall and an elonga¬ 
tion of the bearing surface of the hoof. At the same time, 
the angle between the solar surface of the coffin bone 
and the bearing surface of the hoof became more acute. 14 
Lowering the heels and leaving the toe the same length 
had the same effect. 

Medial-Lateral Balance 

Medial-lateral (ML) balance refers to the relationship 
between the medial (inside) wall of the hoof and the 
lateral (outside) wall of the hoof. Determining ML bal¬ 
ance is one of the most challenging aspects of farriery 
and relies as much on art as it does on science. The goal 
is to trim the hoof in such a way that the ground surface 
of the hoof is centered beneath the limb. This allows the 
hoof structure to bear the weight of the limb evenly. 
Altering the relative lengths of the sides of the hoof shifts 
the position of the hoof beneath the limb. Lowering the 
lateral wall tends to position the hoof more toward the 
midline of the horse, whereas lowering the medial wall 
tends to position the hoof away from the midline of the 
horse. 

Repositioning the limb by trimming, however, may 
have undesirable consequences. One study evaluating 
the effects of ML balance showed that elevarion of the 
medial heel in sound horses increased the peak force and 
impulse on that side of the foot.* Problems associated 
with inappropriate ML hoof balance that lead to dispro¬ 
portionate forces applied to the hoof wall include lat¬ 
erally distorted hooves; chronic heel soreness; sheared 
heels; quarter, heel, and bar cracks; thrush; side bones; 
navicular syndrome; and chronic metacarpophalangeal 
(fetlock) joint synovitis. 2,38 

There are many methods for determining ML balance, 
none of which works for all horses. Considerations af¬ 
fecting the approach used to achieve ML balance include 
the farrier’s or veterinarian’s experience, the age of the 
horse, the degree of abnormality, the accompanying 
problems, and the horse’s use. 

One method of achieving static ML balance is to trim 
the hoof so that the coronet is parallel to level ground 
(Fig. 9.30). This works with relatively straight limbs. But 
if a hoof has remodeled over time to accommodate for 
limb deviations, this trimming method may put uneven 
stress on the limb. A similar method is to trim the hoof 
so that the plane of the ground surface is perpendicular 
to the cannon bone. A T-bar or similar device can be 



Figure 9.30 The hoof is said to be in ML balance when an 
imaginary line through the coronet is parallel to the ground surface 
and perpendicular to a line that bisects the limb axis when viewed 
from the front. 


used to make this determination. This method is also 
suitable for normally conformed limbs. A third method 
is to trim the hoof so that its ground surface is perpendic¬ 
ular to the midline of the horse. This can he checked by 
picking up the forelimb. With the horse's knee flexed 
and the metacarpus (cannon) lightly resting in the hand, 
the farrier sights across the ground surface of the hoof. 
This approach works well on horses whose limbs deviate 
from the ideal and often results in dynamic ML balance. 

New thoughts on ML balance exist. The junction be¬ 
tween the exfoliating and nonexfoliating sole (sole plane) 
is used as a guide and reference for the bottom of the 
coffin hone (P-3). The sole plane is found by removing 
the exfoliating chalky material next to the ground that 
crumbles or flakes when pared with the hoof knife. The 
exfoliating chalky material will have a white appearance 
compared with the nonexfoliating waxlike tissue be¬ 
neath this chalky outer layer. The nonexfoliating tissue 
is that sole material found distal to the peripheral border 
of P-3. If this structure is not overtrimmed, it will be the 
same depth from the distal extent of P-3 to the ground. 


Copyrighted material 


























1094 Adams Lameness in Horses 


once the exfoliating material has been removed. When 
the sole plane is determined, the outer hoof wall is pre¬ 
pared to an equal depth or height to the sole plane on 
each side of the foot. The medial and lateral toe wall 
must be prepared equal to each other. The heels behind 
the widest point of the foot must be trimmed so that 
each side is the same distance to the ground, in vertical 
depth. 

Trimming the sole more on one side of the foot than 
the other, when trying to establish ML balance, is be¬ 
lieved to cause P-3 to sertle or move distally in rhe area 
where the nonexfoliating sole has been thinned more 
than the rest of the foot. This results in an immediate 
response by the foot to protect itself from harm. The 
horse responds by having a short stride or avoids pain 
by landing on one side of the foot or toe first. Thinning 
the sole also can cause lamina strain and equal or un¬ 
equal P-3 displacement, depending on w hich side of the 
sole has been thinned the most. Excessive trimming of 
the sole or unequal trimming may also result in laminar 
tearing. 

It is generally agreed that the hoof is in dynamic bal¬ 
ance when the medial and lateral walls strike the ground 
at the same time. If a hoof is landing on the lateral wall 
first, that side is assumed to be longer and should be 
trimmed shorter to allow a flat landing. Shoe wear, how¬ 
ever, must be considered before the hoof is trimmed. 
Turner' 1 described a protocol of using a combination of 
hoof measurements and radiographs to develop a 
graphic record of hoof shape, comet displacement rela¬ 
tive to the solar margin, and frog dimensions. If one side 
of the hoof was longer, treatment involved making the 
hoof wall length equal. 

If a horse lands on its lateral toe, it often loads on its 
medial heel. This diagonal imbalance can cause jamming 
of the coronary band at the medial heel, resulting in 
proximal displacement of the heel and toe regions and 
lamness. 42 Synovial effusion of the phalangeal and fet¬ 
lock joints may also be seen with this condition. In addi¬ 
tion, since the toe contacts the ground first, its forward 
morion is stopped while the remaining part of the hoof 
rotates around this point of contact until the heel con¬ 
tacts the ground. This results in torque to the hoof, which 
continues up the limb. These rotational forces may be 
responsible for undue stress to the phalanges, fetlock, 
and suspensory apparatus during the load phase of the 
stride. Treatment for the hoof distortion and lameness 
involves lowering the parts of the hoof that contact (toe) 
and load (heel). The finished solar surface is not necessar¬ 
ily flat. A flat shoe is then applied to the foot, and gaps 
may be apparent at the lowered regions. 4i 

Snow ct al. w used hoof and support measurements, 
radiographs, and slow-motion video analysis of horses 
on a treadmill to document the point of contact and 
point of load impact and to evaluate the torque being 
applied to the upper limb. 4 * Treatment involved trim¬ 
ming the feet, soaking the feet in hot W'ater for 15 min¬ 
utes, applying moist bandages and a Lily pad, giving 
phenylbutazone, and using bedded stall confinement for 
12 to 24 hours. After this period, the feet were reevalu¬ 
ated and balanced. In some cases, high-motion video 
analysis w'as used to document that foot balance was 
achieved- In the small number of cases reported, a high 


degree of success w r as obtained in correcting the hoof 
distortion and lameness. 

Unfortunately, some horses are conformed so that it 
is impossible to achieve a flat landing. Overzealous trim¬ 
ming should be avoided because tameness could result 
from the attempt to make a sound horse's apparently 
unbalanced hooves conform to an “ideal.” It is impor¬ 
tant to realize that the w r ay the hoof contacts the ground 
differs with each gait. A hoof that does not land flat at 
the walk may land flat at the trot or canter. 1 Landing 
flat is only one guideline to achieving balance. 

Many hooves, especially hind hooves, cannot be bal¬ 
anced dynamically by trimming the medial and lateral 
sides to be equal in length. Examining rhe shoe for wear 
can help determine a plan for trimming that will result 
in even wear on both branches of the shoe (Figs. 9.31 
and 9.32). Usually, if the side of the hoof (shoe) that 
shows the least amount of shoe w F ear is trimmed shorter, 
the subsequent wear on the shoe will be equal. This rule 
may not apply for a horse that is lame or has an unusual 
way of moving, so it is wise not to rely on just one guide¬ 
line when attempting something as complex as balancing 
the equine limb. It is valuable to record the trimming 


Flour* 9*31 Examining the shoe for wear. (Reprinted with 
permission from Hill C, Klimesh R. Maximum Hoof Power. North 
Pomfret, VT: Trafalgar Square Publishing. 2000 ) 



Figure 9 .32 Uneven shoe wear. The right crease has been 
completely worn away. (Reprinted with permission from Hill C. 
Klimesh R. Maximum Hoof Power. North Pomfret VT: Trafaigar 
Square Publishing. 2000.) 
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Breakover 


One third 


Two thirds 


Heel Line 


Figure 9.35 Bottom of a horse’s foot. The 
line % inch behind the apex of the frog 
represents the widest part of the foot (TL). The 
topline is where breakover should be and is 
approximately one*third of the total length of 
the bottom of the foot The distance between 
the heel line to TL is approximately two-thirds 
the total length {Modified from Ovnicek Q, 
New Hope for Soundness: Seen Through the 
Window of Wild Horse Hoof Patterns. 

Columbia Falls, MT: Equine Digital Support 
System, 1997.) 


3. Identify the true tip (apex) of the frog. This is done 
by removing excess frog at its apex until one can 
clearly see where it attaches to the sole. The widest 
part (also the center) of the foot is generally % inch 
behind the true apex of the frog (Fig. 9.35). The true 
apex of the frog is used to determine the position of 
the breakover (rocker) at the toe and will identify 
how much exfoliating sole is present and where and 
how much, if any, should be removed. 

4. To create breakover, measure ahead of the true frog 
apex approximately 1 inch for foot sizes 00 to 0, 
1% inches for foot sizes 1 to small 2, or I x /% inches 
for foot sizes 2 to 3. A raised area of the sole is 
generally seen in this location; this is the sole callus 
ridge {Fig. 8.44B). This solar structure is designed 
to support P-3 by suspension and ground contact. 
It can be closer to the frog than 1 % inches. The back 
edge of the raised area (sole callus) is where the natu¬ 
ral breakover is for that foot (Fig, 9.35). When exfo¬ 
liating the sole area ahead of the frog apex, be extra 
careful that the sole callus is not destroyed. Nippers 
or a rasp can be used to rocker the toe ahead of the 
back edge of the sole callus at a 15 to 20° angle (Fig. 
9.36). 

5. Using a rasp or nippers, trim the heels back by con¬ 
servatively following the nonexfoliating sole 
through the quarters and along the sole plane. Leave 
a small spike or raised portion of the hoof wall at 
the heel buttress (Fig. 9.36). He sure not to invade 
any sensitive nonexfoliating sole. 

6. If the feet have a poor wall connection on the ground 
surface, severe flares, and flat soles, simply remove 
the wall, in a “dubbed” fashion, hack to the lamina 
around the complete ground surface of the hoof 
wall. Do not try to rocker the toe and do not trim 
the sole or frog. 


7. Using a rasp or nippers, remove (lower) the medial 
and lateral hoof wall by following close to the sole 
plane in the quarters. This will create a gradual arc 
pattern between the too impression mark and the 
heel impression mark on each side of the foot (Fig. 
9.36). There should also be a rounded hoof wall 
edge around the outside of the hoof wall, leaving 
the high point of the wall at the lamina. 

8. Remove the flares from the front and around the 
outer edge of the hoof wall to prevent chipping and 
to give tne hoof a smoother, more natural look. 

Special attention should he given to trimming the hoof 
wall level with the toe callus at the junction of the rocker 
(ML toe callus or toe pillars). The toe pillars serve as 
ground contact points that should be left strong in the 
sole lamina region. These pillars should also be allowed 
to share the weight bearing of the dorsal portion of the 
hoof capsule and provide a point for breakover. Little 
to no sole, frog, and bars are ever removed. 

Generally within a few months, the foot will normally 
produce a cupped sole and the heels will start to spread. 
The frog will develop fully and healthfully if poor hoof 
quality has preceded this procedure. 

Shoe Selection and Preparation 

The size of the shoe should be appropriate for the size 
of the horse and its hoof. The shoe should be strong 
enough to support the horse's weight hut not unnecessar¬ 
ily heavy, or it may negatively affect the horse’s srride 
and agility- One study evaluated the effect of increasing 
shoe weight and hoof length in normal horses trotting 
on a treadmill. The fore hooves were shod with three 
different combinations of steel shoes and pads: normal 
weighted shoe plus a 0.3-cm pad, double-weighted shoe 
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Breakover 


Figure 9.36 Sid© view of the fool, showing that 
the heel and toe are longer than the slightly arched 
quarters. Also note that the toe on die weight-bearing 
surface is beveled at 15 to 20“ upward (dorsal) to 
ease breakover. (Modified from Ovnieek G, New 
Hope for Soundness; Seen Through the Window of 
Wild Horse Hoof Patterns. Columbia Fails, MT: 
Equine Digital Support System. 1997.) 


Branch 


Figure 9.37 Parts of a shoe. (Reprinted with permission from HDI C, KJimesh R. Maximum Hoof Power. 

Norm Pomfret, VT: Trafalgar Square Publishing. 2000.) 
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Figure 9.38 Left to nght: rim shoe, plain 
shoe, haH-round shoe. (Reprinted with 
permission from Hill C, Klimesh R. Maximum 
Hoof Power. North Pomfret, VT : T rafalgar 
Square Publishing. 2000.) 



Figure 9.39 Left to right plain steel shoe, wide-web aluminum 
shoe. (Reprinted with permission from Hilt C. Klimesh R Maximum 
Hoof Power North Pomfret. VT: Trafalgar Square Publishing, 
2000 .) 


plus a 0.3-cm pad, and double-weighted shoe plus a 2.5- 
cm pad. It was found that adding weight to the shoes of 
hooves of the same length increased the maximum heighr 
of the shoe, the height of the foot flight arc throughout 
most of the swing phase, and the flexion of the fetlock 
joint. Adding length (2.5-cm pads) to the hooves of 
horses shod with double-weighted shoes increased the 
shoe height, the height of the foot flight arc above that 
seen with the weighted shoe alone, flexion of the fetlock 
joint, and breakover.* 

Shoes should provide adequate protection and trac¬ 
tion. Furthermore, the nail heads should be protected 
from wear by setting them in either a crease or a hole 
stamped in the shoe (Fig. 9.37). 

Hot versus cold shoeing refers to the way the farrier 
makes, shapes, or applies shoes. “Hot shoeing" means 
that the farrier makes the shoes from scratch in a forge, 
modifies keg shoes in a forge, or fits a hot shoe to the 
hoof. “Cold shoeing" means the farrier shapes and ap¬ 
plies the shoe without heating it up. Many farriers use 
a combination of hot and cold shoeing techniques. 

Steel, the material most commonly used in making 
horseshoes, is a combination of iron and other elements, 
mainly carbon (see display “Horseshoe Materials, 
Types, and Sizes" and Fig. 9.38). Steel is graded by the 
amount of carbon it contains; the higher the carbon con¬ 
tent, the harder the steel. Mild (low-carbon) steel is used 
for horseshoes because it is easily shaped and yet durable 
enough to last for one or more shoeing periods, A high- 
carbon steel, such as used for springs or tools, would 
last longer but would he more difficult to shape and 
would have less traction on hard surfaces. All hut the 
largest sizes of mild steel horseshoes can he shaped while 


cold to fit the hoof. Large shoes used for Warmbloods 
ami draft horses must he heated in a forge to be shaped. 


HORSESHOE MATERIALS, TYPES, AND SIZES 

Materials 

Steel 

Aluminum 

Titanium 

Plastic 

Plastic ttr rubber over a steel or aluminum core 

Types 

Plain Hat shoe with a crease (alsocalled a fuller or swedge) 
on the ground surface of the shoe in the area of the nail 

heads Figs. 9.38 and 9.39) 

Stamped Flat shoe without a crease but with pockets 
stamped in the shoe for the nail heads; also called a 
punched shoe 

Rim Shoe with a crease around the entire ground surface 
for traction and for recessing the nail heads (Fig. 9.38) 
Training plate Light, thin steel shoe 
Polo A light, thin, steel rim shoe with a higher inside rim; 

stronger than a training plate (Fig. 9.40) 

Barrel racing Light, thin, steel rim shoe with a higher out¬ 
side rim 

Toed and heeled Steel shoe with a bar protruding across 
the ground surface of the toe and a square protrusion 
(called a calk I at each heel to provide traction in sofr 
footing 

Half-round Shoe that is flat on the hoof surface and round 
on the ground surface, with stamped nail holes (Fig. 9.38) 
Racing plate Very light, thin, aluminum shoe, usually with 
a steel wear insert at the toe, available in a wide variety 
of styles 

Wedge Steel or aluminum shoe thicker at the heels than 
at the toe; also called swelled heel (Fig. 9.41) 

Wide web Formed from wider steel (Fig, 9.39) 

Sizes 

Until recently, there w ere no standard shoe sizes. For exam¬ 
ple, a shoe with a 14-inch circumference (from heel to 
heel) could he one of eight sizes (ranging from 1 to 12), 
depending on the company that makes it. 

Recently, the Farrier Industry Association developed a chart 
that categorizes most available steel, aluminum, and plas¬ 
tic horseshoes according to their circumference from heel 
to heel. Horseshoe companies are beginning to size shoes 
by the inch, according to this chart. 


Aluminum, w hich is lighter than steel, is also used for 
horseshoes (sec display "Horseshoe Materials, Types, 
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Sated 


Relieved 
(also called 
seated or 
concaved} 


Concaved 



Figure 9.47 A. Before trimming and shoeing, this horse has a 
tong toe and underrun heels. B. The same horse after the toe was 
rasped shorter and tower and the heel was left higher Note that 
the shoe is fit well hack on the foot to expand past the heel 
(Reprinted with permission from Hill C. Klimesh R, Maximum Hoof 
Power North Pomfret VT Trafalgar Square Publishing. 2000.) 


Contact With the Wall 

Unless some of the hoof wall is missing because of 
hoof damage or has been purposely removed to treat a 
crack or a persistent flare or other abnormality, the shoe 
should contact the hoof wall completely. The corner of 
a business card should not fit between the hoof and the 
shoe at any point around the outside perimeter of the 
hoof. Hot fitting a shoe properly (heating the shoe and 
pressing it onto the prepared hoof) scorches the high 
spots on the hoof, indicating the areas that need to be 
removed with a rasp. If the shoe is very hot, it will melt 
the hoof horn and provide a perfect match between shoe 
and hoof. When a shoe is cold fitted, the farrier must be 
skilled with a rasp to be sure that the hoof and shoe meet 
all the way around. 

Sole Pressure 

Although the shoe should be in contact with the entire 
hoof wall, it should not contact more than % inch of the 
sole. If a horse has very flat soles, the inner edge of the 
hoof surface of the shoe needs to be relieved to avoid 
creating unwanted sole pressure {Figs. 9.48 and 9.49). 


Figure 9.48 Modifications made to shoe edges. (Reprinted with 
permission from Hill C. Klimesh R. Maximum Hoot Power North 
Pomfret. VT; Trafalgar Square Publishing, 2000.) 



Figure 9.49 The hoof surface of the shoe is relieved to prevent 
sole pressure. (Reprinted with permission from Hilt C. Klimesh R. 
Maximum Hoof Power North Pomfret. VT: Trafalgar Square 
Publishing, 2000) 
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Figure 9.55 Neglect A Before tnmmtng B After trimming. 
(Reprinted with permission from Hill C. Klimesh R Maximum Hoof 
Power. North Pomfret. VT: Trafalgar Square Publishing 2000.) 


worn bare foot. For extreme flares, rasp only from the 
midregion of the dorsal hoof wall to the ground. Do not 
rasp completely through the wall at the ground level. Do 
not rasp the dorsal hoof wall from the center of the toe 
hack to the shoe . 

COMMON HOOF PROBLEMS AND 
TREATMENT 

Neglect 

Failing to provide regular, competent hoof care is a 
main cause of hoof problems. Neglect includes allowing 
the bare hoof to wear too short or to grow so long that 
it breaks off; leaving the shoe on so long that the hoof 
grows over the shoe or becomes unbalanced (Figs. 9.44 
and 9.55); overfeeding or underfeeding; and failing to 
examine the hoof regularly for imbedded rocks, nails, 
and other foreign objects. 

Hoof Damage 

Broken hooves can alter hoof balance and cause lame¬ 
ness (Fig. 9,56). Ir is not uncommon, however, for flared 
hooves to break, even though the horse remains sound. 
Similarly, a horse can rip off a shoe and portions of the 
hoof wall and be reshod routinely. When a large section 
of hoof wall is missing, hoof repair may be necessary. 



Figure 9.56 A broken and separated hoof. (Reprinted with 
permission from Hill C, Klimesh R Maximum Hoot Power North 
Pomfret. VT: Trafalgar Square Publishing. 2000.) 


Hoof repair materials have similar properties to natural 
hoof hom and adhere to the hoof wall for months, allow¬ 
ing new growth to replace the damaged area. If the injury 
extends to the sensitive tissues, an antibiotic-impreg¬ 
nated hoof repair material can be applied to the defect 
without fear of thermal injury or infection. 54 Further¬ 
more, hoof repair materials can be used to build up the 
low side of a hoof, replace missing sections of the wall, 
or build up thin walls so a shoe can be nailed on. The 
prosthetic hoof can be trimmed and shaped like a normal 
hoof and is strong enough to secure a nail-on shoe. 

If the hoof wall is too weak or damaged to secure a 
shoe with nails or if the horse is in too much pain to 
allow nails to be driven into the hoof, glue-on shoes are 
a good alternative. 26 These shoes are available from sev¬ 
eral sources and come in many configurations for a vari¬ 
ety of applications, from foal treatment to racing shoes 
to founder treatment. One type of glue-on shoe consists 
of a cuff to which a steel or aluminum shoe is riveted; 
the cuff is glued or taped to the hoof. Another type has 
a steel shoe bonded to a braided fabric cuff, which is 
glued to the hoof wall. Other types have plastic tabs 
around the shoe that are glued onto the surface of the 
h«H>f wall (see “Resources'* in this chapter). 

Poor Hoof Quality 

Good-quality hoof hom is dry , hard, and tough—not 
brittle, spongv, or soft. Poor nutrition, faulty metabo¬ 
lism, unhealthy environment, improper management, 
disease, some drugs, and trauma can all affect hoof 
quality. 

In some cases, poor hoof quality is caused by poor 
nutrition. In others, the problem lies with a horse’s ina¬ 
bility to synthesize essential nutrients, A horse’s ration 
should provide adequate amounts of the essential amino 
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reduces the tension at the attachment of the deep 
digital flexor tendon on P-3, thus reducing the pull¬ 
ing forces, 

Laminitis 

Refer to Chapter 8 for a discussion of laminitis. 

Clubfoot 

A clubfoot is a DP imbalance that is characterized by 
a short-toe-long-heel configuration. This type of imbal¬ 
ance may affect a hoof that has been non-weight bearing 
for a period of rime. In this case, the clubfoot is usually 
temporary and can be returned to a normal shape by 
judicious trimming and proper exercise. 

Another type or mild clubfoot is caused by excessive 
wear of the bare toe from pawing, roc dragging, or a 
poor-quality hoof wall. This type of clubfoot can often 
be controlled by application of a half-shoe, also called 
a tip shoe. Usually made from the toe portion of a light 
shoe, such as a training plate, the half-shoe protects the 
toe of the hoof and leaves the heels bare to wear off in 
a normal fashion. The ends of the half-shoe are tapered 
or set into the hoof so that there is no abrupt step where 
the shoe makes the transition to the quarters of the hoof. 
If the toe of the hoof is worn back, the too of the half¬ 
shoe can be extended out to the normal point of 
breakover. A side benefit of the half-shoe is that it cannot 
be stepped off. 

A more serious type of clubfoot is caused by a relative 
shortening of the deep digital flexor muscle-tendon unit 
that attaches to the coffin bone; this results in a flexural 
deformity at the coffin joint. The clubfoot may occur in 
one (more common) or both feet, and the forelimbs are 
most commonly affected. Clubfoot is seldom seen as a 
congenital deformity but is usually acquired before 6 
months of age. 4 * The condition may be genetic or the 
result of a nutritional deficiency. Although the reasons 
for the musculotendinous shortening (contracture) are 
not clearly understood, as the muscle-tendon unit tight¬ 
ens, it pulls the heels of the hoof off the ground, and 
they tend to grow long. The horse’s weight is then shifted 
onto the toe, which causes excessive wear and dishing 
of the toe. In the most severe cases, toe abscesses may 
develop. 

Clubfeet have been classified into four grades, de¬ 
pending on the severity of the condition. 44 

Grade /. The feet are mismatched and the hoof angle of 
the affected foot is 3 to 5 C greater than that of the 
opposite foot. 

Grade 2. The angle of the affected foot is 5 to 8 C greater 
than that of the opposite foot. Growth rings are pres¬ 
ent, and the sole touches the ground. The heel bulbs 
appear thickened; and when the heel is trimmed ro a 
normal length, it will not contact the ground. 

Grade 3. The hoof wall growth rings are twice as wide 
at the heels than at the toe, and the wall is dished. The 
coronary band protrudes over the dorsal surface of 
the hoof wall. On radiographic examination, the tip 
of the coffin bone appears demineralized. 


Grade 4, The affected hoof wall angle is 80° or greater 
and is significantly dished. The sole of the hoof bears 
the majority of the weight of the bony column. On 
radiographic examination, extensive demineralization 
of the coffin bone is seen, and the coffin bone appears 
rotated. 

Treatment is often directed toward realigning the 
hoof pastern axis by lowering the heels and preventing 
further wear of the toe. Application of a tip shoe can be 
used to prevent continued toe wear. Alternatively, an 
extended toe shoe can be applied to provide greater ten¬ 
sion on the deep digital flexor tendon in hopes of length¬ 
ening it. This approach seems to be most successful for 
grade 1 and, sometimes, grade 2 involvement,'* 4 Trying 
to lower the heels of grade 2 to 4 defects is rarely a good 
idea. In most cases, such an approach makes the clubfoot 
worse. It is better to support the heels with an elevated 
shoe (e.g., the Dallmer A&B shoe) or a shoe with a wedge 
pad. If, when the horse is standing squarely, there is ,4 
inch of space between the heels of the clubfoot and the 
ground, the amount of elevation should be % inch or 
more. This procedure allows the heels to hear weight, 
takes some weight off the toe, and lessens the constant 
strain on the deep flexor muscle-tendon unit. Sometimes, 
it breaks the contraction cycle, allowing the muscle to 
relax enough so that the hoof can be gradually lowered 
down, over a period of weeks, to a more normal angle. 
In other cases, the horse may never be able to have its 
heels lowered but may be comfortable and even usable 
with the elevated heels. Carpal (inferior) check ligament 
desmotomy in conjunction with therapeutic shoeing can 
he rewarding in some difficult cases. 

Foals with mild to moderate clubfeet, if diagnosed 
and treated early, have a fair chance of performing unen¬ 
cumbered as adults. Advances in glue-on shoe technol¬ 
ogy allow corrective shoes to be applied to foals at a few 
weeks of age. Hoof extension can also be achieved by 
the application of a polyvinyl chloride (PVC) pipe. A 2- 
to 4-inch piece of pipe is cut with a cast cutter, heated 
and shaped, and attached to the hoof wall with glue. 4 * 
Intravenous treatment with oxytetracyclines may be 
used in neonatal foals with congenital flexure deformi¬ 
ties. Generally, 3 g (54.3 to 75 mg/kg body weight) of 
oxyretracycline in 250 to 500 mL physiologic saline is 
given intravenously. If the desired effect is not achieved, 
the dose may be repeated in 24 hours without fear of 
renal damage. * It is postulated that this drug chelates 
free calcium ions, preventing their influx into muscle fi¬ 
bers and thus bringing about relaxation of these fibers. 
One study found a significant decrease in mean fetlock 
angle on day I after treatment, without a significant 
change in the coffin joint angle. w The lack of response 
in the coffin joint may have been because the study exam¬ 
ined normal foals. 

Yearlings that have had extensive corrective trimming 
and shoeing to correct clubfeet may appear normal, but 
radiographs may show malformations of the coffin bone. 
Further treatment using carpal check ligament desmo¬ 
tomy and therapeutic trimming and shoeing may im¬ 
prove this situation and return such horses to perfor¬ 
mance (refer to Chapter 7 for more information). 
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Poor Shoring 

A hoof that is not properly balanced can cause a horse 
to move in an imbalanced manner, resulting in lost shoes. 
Many shoes are lost when the breakover point of the 
foot and shoe arc too far forward. 

Goon Shoring 

One of the ironies of lost shoes is that the better a 
horse is shod, the greater the chances it has to lose a 
shoe. A farrier's first priority can be to keep a shoe on 
at all costs, or it can be to shoe the horse for balance, 
support, and long-term soundness. It is erroneous to 
think rhat a good shoeing job consists of a close fit 
around the entire edge of the hoof with none of the edge 
of the horseshoe showing and eight heavy nails with long 
clinches holding the shoe on securely, A shoe that is fit 
full and fit to support a horse properly has more steel 
exposed at the quarters and heels, which is more likely 
to be stepped on, especially if the horse is nor moving 
properly. 

If a horse steps on its shoe or gets it caught in wire, 
it is better for the shoe to come off cleanly than for the 
horse to damage its hoof or limb structures because the 
shoe was on roo securely. Therefore, the nails used 
should he high-quality slim nails with thin shanks. The 
clinches should he relatively small, about % inch square, 
and smooth, so when a shoe does get caught, the clinches 
open up easily and slide cleanly through the nail holes 
in the hoof wall and do not take chunks of hoof wail 
with them. 

For large-breed horses and those involved in a sport 
requiring auick stops or turns, clips can be added to the 
shoe to reduce shearing force on the nails. If the hoof is 
soft or weak, clips help secure the shoe and prevent the 
nails from breaking out the hoof wall. 

Shoes with eight nails and long clinches resist the 
forces of the struggling horse. The long clinches do not 
open up easily and can pull large hunks of hoof wall 
away with them when the horse finally docs wrench the 
shoe off. This not only results in extensive hoof damage 
hut may also cause a sprain. 

Misciilankoun 

Miscellaneous causes of shoe loss include alteration 
in stride, resulting from the use of traction devices, and 
unusual one-time circumstances, such as a horse that 
takes a misstep in its pen or stall, a horse that steps on 
itself while hacking out of a trailer, or a horse that steps 
off another horse’s shoe. In certain circumstances, such 
as with long-distance horses, new shoes and nails wear 
out and come off before the hoof is ready to he trimmed. 

First Aid For A Lost Shoe 

Even if a hoof has not been damaged by the act of 
losing a shoe, the hoof can quickly be chipped or bruised 
if it is not protected. When a horse has lost a shoe, the 
hoof should be cleaned thoroughly, and either a protec¬ 
tive boot or tape should be applied. The horse should 
be kept in a clean, dry stall until the shoe is replaced. It 
is a good idea for trail riders to carry a rubber hoot on 
rides. If a hoof is damaged, it can be repaired by a farrier 
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Figure 9.72 Ground-surface wow ol the spoon shoe. The , 

spoon® extend upward and cover (he heels ol the foot, preventing 
the horse from pulling a shoe if it overreaches. 


with prosthetic materials or gluc-on shoes until new hoof 
grows down to replace it. 

Spooned-heel shoes on the front hooves can be helpful 
for pawing horses and chronic overrcachers (Fig. 9.72). 
The front shoe heels are bent toward the vertical until 
they almost contact the heel buttresses about midway 
between the bulb and the ground surface. Great care 
must he taken in fitting the shoes because the shoe is 
pulled forward as the hoof grows longer. The spooned 
heels can cause damage to the heel bulbs if fitted too 
close. 

For horses that need a lot of heel support and tend 
to overreach, heel shields can be welded around the edge 
of the shoe heels. These shields prevent the hind shoe 
from grabbing the edge of the front shoe heel and pulling 
it off. Again, care must be taken in fitting these shoes so 
that rhe normal migration of the shoe forward does not 
cause the heel shields to contact the heel bulbs. 


STRESS AND STRAIN RESULTING FROM 
IMPROPER TRACTION 

Sliding plates on reining horses and wide-web shoes 
sometimes provide inadequate traction. The result can be 
strained tendons or sprained ligaments. Traction devices, 
such as toe grabs, heel calks, and boriurn, sometimes 
provide too much traction. The resulting excess torque 
can lead to strain or sprain and may contribute to the 
development of a phalangeal fracture (sec the section on 
traction in this chapter). 


LIMB DEFORMITIES 



Incorrect “corrective” trimming of young horses can 
be responsible for acquired limb deformities and result¬ 
ant lameness and gait defects (see the section on foal 
hoof management in this chapter). 
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CORRECTIVE AND THERAPEUTIC 
TRIMMING AND SHOEING TECHNIQUES 

Corrective trimming and shoeing alters the hoof, af¬ 
fecting stance or stride, including breakover. Therapeu¬ 
tic shoeing is an important part of some lameness treat¬ 
ments. Corrective and therapeutic shoeing techniques 
aim to restore DP balance, ML balance, shape, and hoof 
integrity as well as to provide additional support, protec¬ 
tion, and traction, if necessary. Furthermore, corrective 
shoeing techniques can sometimes help in resolving 
movement abnormalities. 

The implementation of corrective and therapeutic 
shoeing techniques should be a team effort between an 
experienced farrier, an equine veterinarian, and the horse 
owner. A shoeing prescription can be made to document 
the recommended approach to trimming and shoeing 
and for record-keeping purposes (Fig. 9.73). 

Dorsal-Palmar Balance 

The most common DP imbalance is a long-toe-low- 
heel configuration, often accompanied by underrun 
heels. When trimming a hoof with low heels, the toe of 
the hoof wall is trimmed as short as practical, tapering 
off toward the quarters. The heels are taken down only 
enough to get a good bearing surface of healthy horn; 
this can often be accomplished more precisely with the 
rasp alone, minimizing the risk of trimming too much. 
Trimming underrun heels extends the base of support of 
the hoof rearward; leaving underrun heels long in an 
attempt to align the hoof-pastern angle only forces the 
heels to grow farther forward underneath the limb (Fig. 
9.45). 

Horses that have low heels and a broken-back hoof- 
pastern axis often benefit from the application of wedge- 
hecl shoes or wedge pads (degree pads) applied between 
the hoof and a flat shoe. Wedge-heel shoes are thicker 
in the heel than in the toe (Fig. 9.60). Wedge pads are 
thick on one end and taper to quite thin at the other end 
(Fig. 9.74). Depending on how much the heels of the 
hoof need to be elevated, the farrier can use a single 
wedge pad of the appropriate thickness or a stack of 
several pads. 

Wedge pads not only can realign hoof-pastern angles 
but also can prevent direct pressure on the navicular re¬ 
gion. The thicker wedge pads are often stiff enough 
across the heels to protect the frog and thus the navicular 
region from direct ground pressure, provided that there 
is no undue pressure on the frog from its excess length 
or from improper hoof packing. Wedge pads are avail¬ 
able as full coverage pads or as b.ir pads, which have an 
open center to permit the sole to respire normally. The 
open center, however, collects debris, which can be diffi¬ 
cult to clean out. Horses with bone spavin (arthritis of 
the distal tarsal joints) may get some relief from wedge 
heels or wedge pads with a squared or rocker-toe shoe. 

A less common DP imbalance is a short-toe-long-heel 
configuration. It is important to determine the cause of 
the long heel before attempting to lower the hoof to align 
with the pastern. Damage to the hoof or limb structures 
can be caused by trimming the heels too much and trying 
to force the heels down. The short-toe-long-heel con¬ 


figuration often occurs to a hoof that has been non¬ 
weight bearing for a period of time because of an injury; 
it can also be the result of a flexural deformity (con¬ 
tracted muscle-tendon unit) associated with the deep dig¬ 
ital flexor tendon. To prevent the overly long heel horn 
from deforming, trim the heels down within % inch of 
the nonexfoliating sole in the quarters behind the widest 
part of the foot and then elevate the heels by using wedge 
pads or an elevated heel shoe to allow the hoof to bear 
weight evenly. One of the most important parts of the 
treatment procedure is to bring breakover hack to its 
natural position, which is closer to the frog apex on feet 
that are more upright than those that arc deemed normal. 
Although this trimming and shoeing procedure is help¬ 
ful, the underlying cause must be addressed fora satisfac¬ 
tory outcome. Desmotomy of the carpal check ligament 
may be required. 

A half-shoe can be used for a short-toe-long-heel con¬ 
dition that results from toe dragging, pawing, or other 
causes of excessive toe wear. This shoe can be made from 
the front half of a training plate that covers the toe and 
leaves the heel bare. The ends of the half-shoe arc ta¬ 
pered, or set into the hoof, so that there is no abrupt 
step where the shoe makes the transition to the heels of 
the hoof. This shoe protects the toe of the hoof but allows 
the heels of the hoof to wear down as they grow. 

Hoof Shape 

If the hoof has a flare, the flare should be dressed off 
and that side of the wall should he shortened (lowered). 
The quarter where the flare was located should be 
sculpted out with a rasp so that the hoof at that region 
bears no weight. This removes the bending forces on the 
horn tubules and results in the new' hoof horn growing 
down straighter. 

Many horses have “pancake' 1 hooves that tend to 
spread out and become flat. The treatment for these 
hooves includes stabilizing the moisture content by keep¬ 
ing them in a dry environment and applying a hoof sealer 
to minimize the absorption of external moisture. The 
flares should be dressed off to about half the thickness 
of the hoof wall, and a shoe should be applied with side 
clips located across the widest part of the flared hoof 
(Fig. 9.75). (Use a bar or open shoe that is strong enough 
to withstand the spreading forces of the hoof.) The 
straighter the hoof wall becomes, the stronger it will be. 
Once the shape of the hoof is restored and the moisture 
content stabilized, the hoof can often he shod with a 
regular shoe with no dtps. 

Often, the hoof is not flared symmetrically but dis¬ 
torted across the diagonal of the hoof base, such as a 
medial toe flare with a lateral heel flare. Along with this, 
the opposing points (the medial heel and lateral toe) are 
pulled inward. Trimming the hoof into balance may pre¬ 
vent further distortion of the hoof, but a shoe is usually 
required to re-form the hoof to a more functional, sym¬ 
metric shape. The shoe is applied with clips across the 
longest diagonal. These clips contain the hoof as it grows 
down, encouraging expansion across the narrow diago¬ 
nal and resulting in a more symmetric hoof (Fig. 9.75). 

A flare at the front of the hoof wall is called a dish. 
Most hooves dish to some degree, and as part of the 
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Figure 9.80 Frog support pad. (Photo courtesy of Richard 
Kfimesh) 


the horse’s weight is carried by the frog plate, which 
allows the heels of the hoof to grow down without being 
crushed. 

This shoe is also useful in the treatment of hooves 
that have had a portion of the hoof wall removed (as in 
a heel resection for a crack) or injured (as in a heel avul¬ 
sion). Contrasted w ith an egg bar shoe, which is used to 
support a hoof that has had the heel “floated" to allow 
a displaced heel to descend to the shoe, the full-support 
shoe is used w r hen it is desirable to stabilize the hoof 
capsule while the hoof grow r s new r horn. 

A heel resection exposes a portion of the full-support 
(or egg bar) shoe, and the risk of the horse stepping it 
off is increased. To prevent the hindfoot from stepping 
off a from shoe, heel shields or w ide dips can be w elded 
around the exposed portion of the front shoe. 

A full-support shoe is fitted in the same manner as an 
egg bar shoe, described previously. The frog plate should 
follow the shape of the frog and support it completely 
from ‘/j inch back from the tip of the trimmed frog. When 
the shoe is set on the prepared hoof, the frog plate should 
just contact the frog. The frog support plate should not 
extend beyond the boundaries of the frog, or circulation 
within the hoof might be impaired. If the frog is recessed 
below the level of the hoof w^all, shims of the appropriate 
size and shape can be artached to the frog plate to achieve 
contact. 

The configuration of the full-support shoe makes it 
difficult to keep the sole clean, especially if the horse is 
in mud, gravel, or dirty bedding. If the hoof wall is of 
poor quality or the horse is in undesirable footing, a full 
pad may need to be used with the full-support shoe. 

In lieu of a full-support shoe, a full-support pad can 
he used. This type Of pad is available commercially or 
can be fabricated by a farrier. It might he difficult to fit 
the pad properly to the frog, however, because the 
opaque pad surface prevents direct observation of frog 
contact. To function properly, the ground surface of the 
pad must be supported beneath the frog either by a frog 
plate on the shoe or by the addition of a frog-shaped 
shim (the thickness of the shoe) on the pad itself (Fig. 
9.80). 

Heart Bar Shoe 

The heart bar shoe has a V-shaped bar that contacts 
the frog (Fig. 9.81). In laminitis cases, the heart bar sh<x* 
is used to support the coffin bone via the frog. The rigid 
heart bar is welded in place and applies a fixed amount 
of support (see the section on focal versus diffuse in this 
chapter). The adjustable heart bar shoe has a screw that 



Figure 9.81 Heart bar shoe 


varies the amount of support provided to the frog, both 
types can be used with a full pad if a frog-shaped shim 
is fixed to the hoof surface of the pad to transfer the 
support to the frog and prevent any pressure from being 
applied to the sole. The location of the rip of support is 
approximately % inch hack from the apex of the 
trimmed frog. Ideally, the location is determined from 
radiographs, by measuring the length of the coffin bone 
and coming back from the tip of the coffin bone 13% 
of its length. 

There is some debate as to whether the entire frog 
plate should contact rhe frog (diffuse support ) or just a 
small, dime-sized area at the tip of the plate (focal sup¬ 
port), Successes and failures have occurred with both 
methods. The focal support method requires accurate 
measurement and placement of the heart bar tip and op¬ 
timum amount support (pressure). This in not an easy 
shoe to build and apply correctly and can he misapplied. 
The diffuse supporr method is more forgiving in that the 
amount of support pressure is less critical. 

In some laminitis cases, it is necessary to remove por¬ 
tions of the hoof wall, usually at the toe but sometimes 
at one or both quarters as well. This resection relieves 
pressure between the hoof wall and the coffin bone, al¬ 
lows rhe hoof wall and coffin bone to become reoriented, 
and removes the dead tissue (laminar wedge) that 
impedes the proper growth of new hoof tissue. If resec¬ 
tion is confined to the toe, there is usually sufficient hoof 
wall remaining to support the attachment of a heart bar 
shoe by nails or glue. Side clips are often placed just 
behind the resected area to prevent the weakened wall 
from spreading and to help secure the shoe to the hoof, 

If the hoof wall is too weak or shelly to attach nails 
and if glue-on shtxs are not available, the shoe can be 
secured by using one or more T-bars or goosenecks (Fig. 
9.82). The base of the T-bar is welded to the edge of the 
shoe, and the crossbar is attached to solid horn high up 
on the hoof wall. When the exposed laminae have dried 
and comified sufficiently, a prosrhetic hoof material can 
be used to rebuild the hoof to its normal shape. A shoe 
can then be attached to rhe rebuilt hoof by glue or nails. 

Other Bar Shoes 

A bar can be placed anywhere across the branches of 
the shoe to protect the hoof from ground contact and 
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KHmesh R. Maximum Hoof Power. North Pomfret, VT: Trafalgar 
Square Publishing, 2000.) 


Figure 9.88 Modified shoes. A. Rolled-toe shoe. B. Rocker-toe 
shoe. C. Squared-toe shoe. (Reprinted with permission from Hill C, 


breakover. Hooves with longer or lower pasterns (53° 
or lower) tend to he on the ground for a longer period 
of time than those with shorter or more upright pasterns 
(56° or higher). 

The length and the position of the hoof’s base of sup* 
port in relation to the cannon and fetlock determine how 
much time and effort it takes to break over. A hoof is 
in the proper position to support a horse’s weight if the 
bulbs of the heels arc approximately underneath the mid* 
point of the cannon bone (when standing) and the heels 
of the hoof only slightly ahead of the bulbs (Fig. 9.45A). 
Hooves that are small or have underrun heels (and are 
not shod to counteract this) sink more at the heels during 
loading and thus experience more stress, require more 
effort to lift, and have a delayed breakover. 

Hoof wall dishes or extra length at the toe, if not 
removed, increases flexor support stresses and delays 
breakover. If a dish is not rasped to result in a straight 
hoof wall from the coronary band to the ground, the 
shoe is likely to be applied ahead of the oprimum point 
of breakover. 

Several modifications to standard shoes and several 
specialized shoes can specifically affect breakover (Fig. 
9.88). 

Squared-toe shoe. The toe of the shoe is squared and 
sot back from the toe of the hoof to facilitate easy 
breakover. The toe of the hoof is usually rounded with 
the rasp to prevent chipping. Used on the hindlimbs, 
squared-toe shoes may help prevent the stepping off 
of front shoes (Figs. 9.89 and 9.90). 

Roller-toe shoe . The hoof surface of the shoe is flat. The 
ground surface of the shoe has a rounded toe much 
like a naturally worn shoe. 

Rocker-toc shoe . The entire toe of the shoe is bent up¬ 
ward. This requires that the toe of the hoof be rasped 
or cut to fit the shoe. The hoof is encouraged to break 
over specifically at the point of the rocker location. 
Roller-motion shoe. Combining the rocker toe with 
swelled heels results in a roller-motion shoe (Fig. 
9.91). 

Half-round shoe. The ground surface of the outside and 
inside edges of the entire shoe is round. A half-round 



Figure 9.89 SquarecHoe shoe. (Reprinted with permission from 
Hill C. Klimesh R, Maximum Hoof Power. North Pomfret. VT: 
Trafalgar Square Publishing, 2000.) 


shoe allows a horse to break over more easily in any 
direction (Fig. 9.38). 

Although squared-, roller-, and rocker-toe shoes are 
designed to affect breakover, one controlled study in 
sound trotting horses did not identify a shortened dura* 
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Figure 9.90 Squared-toe shoe with forward-placed side dips. 
(Reprinted with permission front Hi! C, toimesh R. Maximum Hoof 
Power, North Pomfrel. VT: Trafalgar Square Publishing, 2000.) 



Figure 9.91 Full roller-motion shoe. 


tion of breakover with these shoes compared with a plain 
steel shoe. 1 (See “Natural Balance Trimming and 
Shoeing” in this chapter for further information.) 

Forging and Overreaching Solutions 

Forging is a gait defect commonly heard when a horse 
is trotting (Fig. 9.92). It occurs when a hind loot (or hind 
shoe) contacts a forefoot (or front shoe) on the same 
side. Overreaching (Fig. 9.93) is a related gait defect with 
more serious consequences of an injury to the forelimb 
(heel bulb, coronary band, fetlock, or flexor tendon) or 
a pulled shoe. 

Assuming management and training related factors 
have been evaluated and modified if required (see Chap¬ 
ter 2), shoeing may be able to help eliminate the problem 
of persistent forging or overreaching. Most corrective 
shoeing is based on restoring a horse's normal hoof con¬ 
figuration and balance. 



Figure 9.92 Forging. (Reprinted with permission from Hill C, 
Ktimesh R. Maximum Hoof Power. North Pomfrel, VT: Trafalgar 
Square Publishing, 2000.) 



Figure 9.93 Overreaching, showing the moment a shoe might 
be grabbed when the front foot is greatly delayed in breakover. 
(Reprinted with permission from Hill C, KJimesh R. Maximum Hoof 
Power. North Pomfrel VT: Trafalgar Square Publishing, 2000.) 


There arc no absolutes when it comes to corrective 
shoeing for forging or overreaching. Although most ex¬ 
perts agree how to modify the forefeet of a horse that 
forges or overreaches, the opinions are varied for treat¬ 
ment of the hindfcct. Often, just balancing the front 
hooves and easing their breakover eliminate forging. 
This balancing is often accomplished by shortening the 
toe or raising the hoof angle to align the hoof-pastern 
axis. Breakover can be eased with a modified (squared, 
rolled, rocker, or roller-motion) shoe. 

The DP balance of the rear hooves should be evalu¬ 
ated and, if necessary, adjusted. Putting a modified toe 
shoe, such as a squared-toe shoe, on the hind feet of a 
horse whose chest and hindquarters arc relatively equal 
in width might also eliminate forging. Why would this 
work, since the breakover of both the forelimbs and 
hindlimbs have been made easier? In rhe case of a horse 
with pointed hind hooves, sometimes squaring the front 
hooves and leaving the hind hooves pointed results in a 
break in the synchronization of the movement of the 
diagonal pairs of limbs. Squaring the hind toes may 
smooth out and equalize the movement. A pointed hind 
toe tends to hit and perhaps grab a front shoe more easily 
than would a squared hind toe. Using half-round shoes 
on the hind hooves may also he helpful. 

To prevent pulled shoes caused by overreaching, 
many farriers remove the sharp outer edges of the shoes. 
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Another study, in which the effects of toe grabs in 
racehorses euthanized because of injuries sustained while 
racing or training were evaluated, found that the risk of 
fata! musculoskeletal injury, suspensory apparatus fail* 
ure, and cannon bone condylar fracture increases as the 
height of the toe grab increases. In fact, the odds of a 
horse shod with regular toe grabs suffering a fatal mus- 
culoskcletal injury, suspensory apparatus failure, and 
cannon bone condylar fracture was 3.5, 15.6, and 17.1 
times greater, respectively, than horses shod without toe 
grabs. The study also found that rim shoes might be a 
safe alternative to toe grabs for increasing traction on 
racing surfaces/ Both toe grabs and heel calks have 
been implicated in sole bruising. 14 

Requiring a horse to work on precarious footing with¬ 
out adequate traction can result in muscle strain (c.g., in 
the gluteals and hamstrings) caused by constant slipping. 
Therefore, optimum traction but no extra traction is the 
goal in most cases. 

Traction should be used bilaterally. Borium spots or 
smears, ice nails, and calks should always be applied on 
both sides of a shoe (and on both shoes of a pair of 
limbs) to prevent uneven torque or twist on landing or 
take-off (Fig. 9.98). There are a few instances, however, 
when the judicious application of only one traction de¬ 
vice on a shoe or two different devices on the same shoe 
might be warranted, such as for correcting a travel de¬ 
fect. Borium and ice nails are generally used for horses 
traveling at a slow to moderate speed on slippery footing. 
Customarily, ice nails are applied at the third nail hole 
position, at the midpoint of each side of the shoe. This 
results in the safest grab with minimal torque. Borium 
is usually added just ahead of both toe nails and just 
behind each heel nail. Because horses that require calks 
often are moving at a high rate of speed, the goal is a 
secure landing, so calks arc usually placed behind the 
heel nail. The horse should be monitored for signs of 
lameness and swelling. When a horse realizes that its 
hooves are going to stick rather than land, slide, and 
twist, it will be able to adjust its balance and movement 
accordingly. As traction is increased, it is important to 
stav within an individual horse’s limits of tolerance. 

W 

Again, the goal is optimum traction, not maximum trac¬ 
tion. 

The warning signs of excessive traction are lameness, 
swelling, heat, a reluctance to w r ork, a shortened stride, 
and a had attitude. All of these can indicate that a horse 
is trying to protect itself. 

Proper Limb Development in Foals 

Foal hoof management should be designed in light of 
the foal’s present configuration and its anticipated adult 
conformation. Since most foals are born with crooked 
limbs, they should be examined by a veterinarian a day 
or so after birth to determine whether the limb deviations 
are normal or whether they require close observation or 
treatment. Carpal (distal radius) valgus, fetlock (distal 
metacarpus or metatarsus) valgus, and varus angular 
limb deformities are common. 

In most horses, these limb deviations self-correct 
through narural forces applied to the growth centers 
(physes). Partial correction of carpal valgus to within 5 


to 7® of a straight limb is expected by abnur 4 months 
of age (Fig. 9.100). Then a plareau is reached at which 
there is very little correction until 8 to 10 months of age, 
when a growth spurt occurs in the lateral aspect of the 
distal radial physis, which brings about straightening be¬ 
fore the growth plate closes (Figs. 9.101).® Therefore, it 
is normal for a weanling to have a mild degree of carpus 
valgus. Weanlings that are perfectly straight often de¬ 
velop carpus varus after the final growth spurt occurs. 8 
Foals with greater than 15® of carpal angular limb defor¬ 
mity (AID) and 8° of fetlock ALD usually require imme¬ 
diate attention; however, the majority of foals do not 
fall into this category. 

Articular ALDs associated with immaturity of the cu- 
boidal bones and ligamentous laxity must be differen¬ 
tiated from ALDs associated with the distal radial physis. 
Articular ALDs arc generally reversible if they arc treated 
in the first few weeks of life. After 3 to 4 weeks of age, 
however, ossification of the malformed cuboidal bones 
has begun, and the deformation may be permanent 8 
(refer to Chapter 8 for more information). 

F^xternal rotational limb deformities (torsion of the 
limb around its long axis) are common in young foals 
with narrow chests. Generally, these deformities origi¬ 
nate high in the limb, resulting in the carpus and fetlock 
joints facing ounvard. These limb deformities usually im¬ 
prove with age; as the chest broadens, the humerus and 
elbow joint are forced outward, resulting in a derota- 
ttonal effect. As the limb undergoes internal rotation, 
the carpus and fetlock assume a more normal frontal 
position. 8 No treatment is generally indicated with this 
condition. 

Rotational deformities that develop distal to the car¬ 
pus with the fetlock rotated inward or outward do not 
correct naturally. These deformities tend to be inherited 
and thus should be selected against in breeding pro¬ 
grams.® 

Some ALDs cause an apparent rotational deformity. 
For example, a carpus valgus gives the appearance that 
the distal limb is rotated externally (outward), and a fet¬ 
lock varus appears to create an internal rotation of the 
phalanges.® Once the ALD (the primary problem) is cor¬ 
rected, the rotational deformity is no longer apparent. 

A foal is born with soft feathers of horn on the bottom 
of its hooves. These wear off by the end of a normal first 
day. The texture of the hoof itself is cornified, yet soft 
and waxy. It is generally that way the first week and 
gradually hardens to more durable hoof horn. The last 
bit of neonate (baby) hoof will have grown dow r n to 
ground level by about 6 months of age. 

Physeal (growth plate) closure has an important bear¬ 
ing on the timing of corrective treatments (refer to Chap¬ 
ter 8). As noted, many foals bom with crooked limbs 
straighten without any specific treatment, and those that 
do not can most often be corrected w r ith proper veteri¬ 
nary care and management. 

It has been suggested that foals should spend the first 
few hours and even w'ceks on a firm dirt surface and be 
encouraged to move around, following their mothers for 
several hours a day. The idea behind this is to stimulate 
proprioceptive (sensory) receptors in the frog that con¬ 
trol muscle movement. It is postulated that this early 
muscle response may help straighten and strengthen the 
limbs early in a foal’s Ufe. 
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Figure 0.100 Correct and incorrect foal trimming. At, Suckling 
foal. A2. As a weanling, allowed io toe out normally. A3. As a 
yearling, now straight. 81. Weanling trimmed to stand straight 82. As 
a yearling, now toed in. {Reprinted with permission from Hill C, 
Klimesh R. Maximum Hoof Rower. North Pomfret. VT Trafalgar 
Square Publishing, 2000.) 
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Abaxial sesamoid block, 162. 162 
Abductor digiti I longus muscle. See 

Extensor carpi ohliquus muscle 

Abscess 

hoof, 1115-1117, f 117 
in iamimtts, 657 
in ped.il osteitis, 686-68?. 687 
in quittor, 710, 211 
submural, ILL See also Gravel 
subsolar, 128. I2,S. 706-707, 706-70#. 
See also Penetrating wounds, of 
foot 

ultrasonographic appearance, .11 1. Hi. 
Ill 

Accessoriocarpoulnar ligament, 26* 2i 
Accessonomctacarpal ligament, 26* IS. 
Accessortoulnar ligament, Zh* 28. 
Accessory carpal bone, X -22 
fractures, 861-86.1 
carpal canal syndrome and, 860-861 
causes, 862 
diagnosis, 862, 862 
locations, 861, 861-862 
prognosis, 862 
signs, 862 

treatment, 862-863, 861 
ligaments, 2b. 2S 

palpation and manipulation, 1 IS. L i2 
radiographic view 

dorsomediai-palmarolaieral oblique, 
256-237 

flexed lateromcdial, 1 5»- 1 i l 
latcromcdial, ?48-. , 4V 
Accessory cephalic vein, 30* jj 
Accessory femoral ligament, 62 
Accessory ligament 
carpal (inferior) check, 24* ? -8-19 
desmitis, 624-623 

desmotomv, 606, 607. 608. 609, 610. 
614-625 
for laminilis, 659 
for navicular syndrome, 628 
palpation and manipulation, 111 
ultrasonography, 319t, .120-321. 

129-H2. J36-137 


radial (superior) check, 29* IX 42 
desmitis, 867-868, S67-S6S 
desmotomy, 612=618 
suhtarsal (inferior) check, 42 
desmitis, 6>4-6J 1 
desmotomy, 624-625 
ultrasonography, 319t, 120-121. 

329-132. 336-337 
Acepromaainc 

in lameness examination, LL8 
for lamintm, 655 

Acetabular ligament, transverse, 6& 62 
Acetabulum 
fracrurc, liLLS 

of os coxae, 69 

Acetyl salicylic acid. See Aspirin 
Achilles tendon. See Gastrocnemius tendon 
Acoustic standoff, for ultrasound 
transducer, 116. ifo 

Actinobadllus, infective arthritis and, 582t 

Action, 98. i tQ 

Acupuncture 

for back disease, I056-I0S7 
for navicular syndrome, 678 
for suprascapular nerve palsy, 921 
Adaptive remodeling, bone, 416 
Adductor muscle, 67* 68 
Adcquan, 511, See also Glycosaminoglycan, 
polysulfared 

Adipose tissue, radiographic interpretation, 
206. 207 
Agalactia, 178 
Age of horse 

gait defects and, 109-1 Ul 
lameness and, ] L6 

Aggrecan (aggregating proteoglycan) 
in articular cartilage, 462-46.1. 463 
in degenerative joint disease, 421 
in tendons, 594 

Agropyron, selenium toxicity and, 195 
Air, ultrasonographic appearance, 113. 213 
Alkali disease, 396* 723-724. 724 
Alkaline phosphatase, in synovial fluid, 

484-4X5 

Alopecia, selenium toxicity and, 721, 724 


Aluminum shoe, 1099. 1099-1100. 1100, 

I 119 

American Association of Equine 

Practitioners, lameness grading 
system, 122. 122t 

American College of Veterinary Radiology, 
Nomenclature Committee, 214. 
ILL 

Amikacin 

for infective arthritis, 58 >-5X1 
for intravenous vascular digital perfusion, 
709 

Amphiarthroses, definition, 422 

Ampicillin. for infective arthritis, 582. 582t 

Anatomic nomenclature. 214. 264 

Anatomy. See also specific structures 
joints, 459-460. 4612 
locomotor organs 

axial contributors, 3L 22 
nomenclature and usage, K 2 
pelvic limb, 41-70 
crus, 55. 58-59 
dipt and fetlock, 42 
lymphatic drainage, 2U 
metatarsus. 41* 45. 42 
physcal closure, 70* 70t 
stay apparatus, 2iL 21 
stifle, 59-6 5 
tarsus, 47-55 
thigh and hip, 65-“'ll 
thoracic limb, l -4 1 
antebrachium, 29-11 
arm and shoulder, 14-41 
carpus, 23-29 
cubital joint, 11— 34 
digit, U23 
fetlock, L4 
foot, 1-2. 5-11 
lymphatic drainage. 41 
metacarpus, 21-25 
pastern, n -14 
physcal closure, 4 ). 43t 
stay apparatus, 41-41. 42 
normal radiographic, 214-105 
tendons, 594-598, 393- 596 
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Anchorin Oil, in articular cartilage, 4-63 

Anconeus muscle, ?-?. >4 

Anesthesia. See j Iso General anesthesia; 

Intrasvnovial anesthesia; Perineural 
anesthesia 

in diagnosis of lameness 
direct infiltration of sensitive areas, 

field blocks, 161, Ib2 
intrasvnovial, 168-180, I 69r-l ?0t 
local, 161 -180 
perineural, 161-16” 

Aneurysmal bone cyst, 4 VI 
Angiography, in diagnosis of lameness, LSI 
Angular conformation, correctness, 80-98 
Angular limb deformities 

asynchronous metaphyseal growth and, 
410-413, 412-414 
causes, 410 
radiography, 411, 4J I 
restriction of exercise, 411-412 
treatment. 411-413, HA, 
carpus and, 830-841 
acquired, 831. 832-8U 
causes, 831-833 

common forms, 830-831, 830—831 
congenital, 831, 832 
incidence, 830 
prognosis, 840-841 

signs and diagnosis, 833-835. 834-835 
treatment, 835-840. 8 i6-84ri 
causes, 410 
fetlock and, 793-796 
causes, 793-794 
diagnosis, 793, 221 
prognosis, 796 
signs, 23A 

treatment. Z2i* T 94-796 
in fetlock luxation, 790 
hypothyroidism-induced, 378 
in navicular syndrome, 665-666 
physitis and, 409, 410 
in proximal phalanx fractures, Z5& 
in subluxation of proximal 

inrerphalangea! joint, 742, 743 
rhird metacarpal diaphvsis and, 817-818 
tibia and, 1421 £49 
Ankylosis. See a Iso Arthrodesis 
after infective arthritis, 586, 586 
sodium monoiodoacctate-induccd, for 
bone spavin, 937 

Antebrachial flexor compartment syndrome, 
868-869 

Antebrachiocarpal joint 
anatomy, 22 

intrasvnovial anesthesia, 173-174. 
174-175 

Antebrachiocarpal synovial sac, 22 
Antebrachium 
anatomy, 29-33 
fascia, ill 

lameness, 864-878 

accessory ligament sprain, 862-868 
flexor compartment syndrome, 

868-869 

osteochondroma of distal radius, 
864-866 

radial fractures, 869-878 
Ligaments, 11 
muscles 

extensor, 30* J£t 12 
flexor, 3flj 32, 32-33. 11 
forclimb conformation and, Si 
nerves and vessels 

deep, 31^ H 


superficial, 26* 29-30. 16 
palpation and manipulation, ill 
radioulnar relationships, jj 
Anti-inflammatory agents. See also specific 
agent* 

for bone spavin, 936 

for degenerative joint disease of proximal 
interphalangeal joint, 737-738 
for "splints," 820 
Antibiotic therapy 
biodegradable delivery system, llil 
for infective arthritis, 582-583. 582t, 383 
for laminins prevention, 654 
for osteomyelitis, 432. 411 
for penetrating wounds of foot, 709, 709 
Anticoagulation, for laminins, 655-656 
Anticndotoxin therapy, for laminins. 655 
Antiprototoal drugs, for equine protozoal 
myeloentrphalitit, it)7i-i072 
Anmnowhalling pads, 1133 
Anular ligaments 
anatomy, 595, 59J 
constriction, 796-799 
causes, 796-797 
diagnosis, 797-798 
signs, 797, 797 
treatment, 798, 798-799 
desinitis, 620-621. 630-62 f 
forelimb, ultrasonography, 321, 334. 
338 ^ 339 , 14 ^ 

Aorta, thrombosis, 1044. 1044-1045 
Apophysis, 401, 402 
Arachidonic acid cascade, AH 
Arm. See also Antebrachium 
nerves and vessels, 39-41 
Arquel (meclofenamtc acid!, for joint 
disease, 497 

Arsenic, for selenium toxicity, 396, 725 
Arteparon, ILL See also 

Gtycosaminoglycan, polysulfatrd 
Arterial supply. See alio specific arteries 
digit and fetlock, 14-15, 15-17 
foot, 14-13. Lh, iT. 20, 2L 2A 
Arteriovenous anastomoses 
in dermal laminae of foot, 15, 17, IS. 12 
shunting through, laminitis and, 646, 
647-648 

Arthritis 

infective. See Infective arthritis 
shoulder, 915-917 
traumatic. See Traumatic arthritis 
Arthrodesis 

for bone spavin, 939, 939-940 
for carpal fractures, 856-857, 856-857 
for degenerative joint disease, ill 
for luxation of proximal interphalangeal 
joint, 744 

for middle phalanx fractures, 749-750, 

2 SSI 

of proximal interphalangeal |oint, 739, 

740 

for suspensory apparatus rupture, 788, 
788. 282 

Arrhrofibrosis, after joint surgery, 524 
Arthrography, 201-202, 202. 203 
contrast 

for pint disease, 480 
for osteochondrosis of scapulohumeral 
pint, 912, 913 
Arthrogryposis, 591-592 
Arthroscopic synovectomy, 517 
Arthroscopy, LSI 

for carpal chip fractures, 853. 853-854 
for carpal slab fractures, 855, 855-856 


for chronic proliferative synovitis, 518 
conditions treated, 487-488 
diagnostic, 486-487. 486-487 

in carpal intraarticular fractures, 848. 
851-853 

in osteochondrosis of scapulohumeral 
pint, 913 

in shoulder arthritis, 917 
for extensor process fractures, ZQQ 
for infective arthritis, 584, 58 5 
for middle phalanx fractures, 748 
for osteochondral fractures 
of carpus, 525. 121 
of proximal phalanx, 526-527. 528. 

529, 769-770, 770 
of sesamoid bones, 529, 530 
of tarsus, 529-530 
for osteochondritis dissecans 
of stifle, 1005, 11166 
of tarsocrural joint, 953 
for osteochondroma of distal radius, 866. 

for osteochondrosis of scapulohumeral 
pint, 915 

for osteomyelitis, 430. 112 

for proximal sesamoid bone fracture, 

777. 778-780, ZZ2 
for stifle injury, 1001 
for subchondral bone evsts, 574 
of stifle, 1009-1010, 1009-1010 
Arthrotomy 

for carpal slab fractures, 816 
for infective arthritis, 583-584. 181 
for middle phalanx fractures, 754 
for osteochondral fractures of proximal 
phalanx, 529 

for osteochondrosis of scapulohumeral 
joint, 915 

for proximal sesamoid bone fracture, 

777, zza 

Articular cartilage 

arthroscopic evaluation, 487, 487 
debridement, 473. 473-476. 331-332 
degradation 

biochemical changes, 469, 464-47.3, 

424 

in degenerative joint disease, 334-536, 
534-537 

in infective arthritis. 578, 378-379 
mechanical factors, 473-474 
morphologic changes, 474 
subchondral hone changes, 473-474 
synovial markers, 485. 486 
in synovitis and capsulitis, 464-4"0 
extracellular matrix, 462-463, 462-464 
immature, 463. 466. 466-4 til 
layers, 46 f, 461 -462 
mechanical injuries, types, 524 
mechanical signal transduction, 464 
metabolism, matrix rurnnver and, 

464—46 5 
permeability. 464 
regeneration, 47.5 
repair, 473, 473-476, 531-532 
structure and function, 461 -461. 
461-464 

subchondral bone and, l6i 
ultrasonography, 322 
Articularis coxae muscle, 65. 66 
Articularis humeri muscle, 32 
Aspartate aminotransferase 

in exertional rhabdomyolysis syndrome, 

19J2 

in muscle disease, 112 
in synovial fluid. 484-485 
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Aspartic proteinase, in degenerative joint 
disease, 472 

Aspirin 

for joint disease, 496-49? 
for laminitis, 655 

Aster xylorrbiza, selenium toxicity and, 595 
Astragalus spp,, selenium toxicity and, 395, 
723. 724 

Asymmetry, defined, 1 111 
Ataxia, 159. It*0 

Ataxic paresis. 5ee Wobbler syndrome 
Atlantal bursa, position and clinical 
significance, 64It 

Atrip lex, selenium toxicity and, 395 
Atropine, for bog spavin, M2 
Australian stringhalt, 9M 1-9X5 
Automatic film processors. x*ray, 197. ffiZ 
Avulsion fracture, 112 
tendon in|urics and, 625 
Avulsion injuries, foot region, 725-732, 

726- 732 

clinical signs and diagnosis, 727, 

727- 728 
etiology, 727 
prognosis, 731-732 
treatment, 728-731. 728-7.12 

Axial alignment, evaluation, ZZ 
Axial contributors to locomotion, 70, 22 
Axillary lymphoccnter, 12L 4J 
Axillary nerve, 29. JX. 12 
Axillary vessels, UL 4J 


Back 

conformation evaluation, 78, 78, 79, 
79-80 

flexion test, 157. 158 
measurement, 25 

palpation and manipulation, 154-157, 
>55-159 

problems, thoracolumbar spine, 
1053-1057 
proportions, 78* 78 
Backing, 1211 

Bacterial myositis, 446-44” 

Balance 

conformation and, 75-76. 76-78 
corrective and therapeutic trimming and 
shoeing for, I tit, 1 123. f f25 
defined, I IQ 

gait defects and, 106, 108 
preventive trimming and shoeing for, 
1087, 1089-1095. HW»-ffl94 
static versus dynamic, HIM 
Banamine. See Flunixin 
Bandage!«! 

counterpressure, for “splints,” 820 
for fracture immobilization, 417—420, 

418t, 4W~42I 

for splint bone fractures, 826 

for superficial digital flexor tendinitis, 

615 

for traumatic synovitis and capsulitis, Ml 
Bandage splint 

for radial fractures, 872, 874, 874 
for ulnar fractures, 884, 884-88 5 
Bandy-legged conformation, 89, 9Li 
Baptan, for superficial digital flexor 
tendinitis, 616 

Bar shoe, 1126-1130. U2h=UM 
Barrel-racing shoe, 1099. 1112 
Barriers, protective, for radiation safety, 

197. 197 122 


Base-narrow conformation 
in forelimbs, 83, 84 
in hindlimbs, 96, 26 
from fetlocks down, 26 
Base-narrow* toe-in conformation, 5 5. 86 
Base-narrow’ toe-out conformation, 83. 

86- 87 

“splints” and, 819 
Base-wide conformation 
in forelimbs, 83, 84, 85 
in hindlimbs, 96, 26 
Base-wide toc-in conformation, 85, 88 
Base-wide toe-out conformation, 83, 85, 82, 

87- 88 

Basement membrane, destruction, in 
laminitis, 647. 648 
Bastlar sesamoid bone, osteochondral 
fractures, 529, 530 
Bench knees, 90, 90. 819, 819 
Bergstrom needle biopsy, 448. 444 
Beta-carotene, in forage, 395 
Betamethasone 
for joint disease, 50?-503 
for navicular syndrome, 676 
Biceps brachii muscle, 33, 34, 58 
ossification, 156 

transection, in supra glenoid tubercle 
fractures, 228 

Biceps hrachir tendon, ossification, 635, 

635, 9Q8-9Q9. 909 
Biceps femoris muscle, 64, 65 
divisions, 59, 6l 

fibrotic and ossifying mvopathy, 1032. 
1032-1034 
Bicipital bursa 

inflammation, 641-643, 905-908 
causes, 2115 

diagnosis, 905-9Q7. 906-907 
incidence, 2115 
prognosis. 2118 
signs, 905, 206 
treatment, 907-908 
intrasynovial anesthesia, 176, 177 
palpation and manipulation, 138. 140. 

Lll 

position and clinical significance, 64It 
Btghead disease, 392-194. 44th 440-441 
Biglycan, in articular cartilage, 461 
Bioabsorbablc screw, for lag screw fixation, 

126 

Biodegradable deliver)’ system, antibiotic- 
impregnated, 585 
Biopsy, muscle, 448. 448-449 
Biotin 

dietary, hoof quality and, 1108 
supplementation, for lamimtis, 656 
Black walnut wood shavings, laminitis and, 
649 

Blemish, versus unsoundness, 21 
Blind spavin, 211 
“Blind splint,” 818 
Blind staggers, 395-396, 221 
Blister, in degenerative joint disease, 534. 
ill 

Blood vessels. See also specific vessels 
digit and fetlock, 14-17. H 
fnrclimh, ultrasonography, 321. 112-111. 
115 

Blowout crack, 1113-1114, ill! 

Bobtail disease, 396* 723-724. 724 
Body 

conformation. Sec Conformation 

depth, balance and, 26. 28 

size, osteochondrosis and, 548-349 


Bog spavin, 142. 143. 947-949 
clinical signs, 489* 489, 947. 948-949 
diagnosis, 489-490. 947-948, 948-949 
in osteochondritis dissecans, 950 
pathogenesis, 489, 947-948 
prognosis, 2M 
treatment, 490. 248 
white blood cell count, 484 
Bone 

contusions, 435 

cysts, 415-416. 4f 3-4/6. 433. ill 
demineralization 

in secondary hyperparathyroidism, 
393-394 

in sesamoiditis, 782, 783 
diseases, 4ri1 -4 54 See also specific 
diseases 

developmental, 4<17-416. See also 

Developmental orthopedic diseases 
fluorosis, 196-197. 417. 418 
hereditary multiple exostosis, 438. 4 _L 2 
hypertrophic osteopathy, 441. 441-44 l 
infectious osteitis, 428-429. 429 
infectious physitis, 407. Ml 
local, 416-435 

osteodystrophia fibrosa, 392-394. 440. 
440-441 

osteomyelitis, 429-431. 4 iO-4 i I 
osteopetrosis, 4 16-4 17 
osteoporosis, 435—436, 4 In. 417 
solitary osteochondroma, 438—439. 

419 

systemic, 415-441. 4 16-44 1 
tumoral calcinosis, 419-4JO 
fractures. See bract ure(s); specific bone 
growth 

cessation, 4U4 
longitudinal, 401, 402 
infection, 427-433. 4?X-4 1> 
metastasis to, scintigraphy, 371. 373. 171 
ossification, 401, 462 
pelvic limb, 4! 

remodeling, exercise-induced, 416-417 
response to disease 
cortical changes. 208-209. 20H-210. 
112 

fundamental patterns, 2112 
with osteomyelitis, 209. 209-210. 212 
periosteal reactions, 207-208. 208 
radiology of, 207-210. 708-717 
substance of, 80 
thoracic limb, 1 
tumors, 434, 4 14. 415 
ultrasonography, 313-314. 114. 115 
Bone graft, for third metacarpal hone 
fractures, 814 
Bone plating 

for carpal fractures, 836-837. 857 
for fracture repair, 426. 426 
for humeral fracrurcs, 9»p. 9int-9ni 
for middle phalanx fractures, 750, 
753-754, 754 

for pastern arthrodesis, 739, 740 
for proximal tmerphalangeal joint 
luxation, ~44 

for radial fractures, 875, 875-876 
for splint bone fractures, 825, 826 
for suspensory apparatus rupture, 788, 
788, 288 

for third metacarpal fractures, 813, 814 
for tibial fractures, 994, 994-99? 
for ulnar fractures, 884-886, 885-886 
Bone scans. See Nuclear imaging 

{scintigraphy), hone scans 
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Bone screw fixation. W Lag screw fixation 
Bone spavin, 9.11 -941 
causes. 932 

in foals, 942-945, 943-945 
juvenile, 414. 41 5 
palpation, m. 146 
prognosis 941 

signs and diagnosis, 932-935. 933-936 
sites. 931. 212 
treatment, 915-941 
cuncan tencctomy, 937-939, 938 
extracorporeal shock wave therapy, 
940-941 
hoof care, 936 

intramedullary decompression of distal 
tarsal bones. 940 

laser-induced arthrodesis of distal tarsal 
joints, 940 

sodium monoiodoacttate-induced 
ankylosis, 937 

surgical arthrodesis of distal tarsal 
joints, 939. 939-940 
tibia) and deep peroneal neurectomy, 
941 

Boosted lubrication, of synovial joints, 465 
lk»nurn. for traction, 1139, f 139. 1140 
Botulism, 45 3 

Boundary lubrication, of synovial joints, 

4l1 

Bowlegs. 89, 90, 96, 96, 831, 83f 
“Boxing,” 1136 

Brace, for carpal angular limb deformities, 

836. 837 

Brachialts muscle, _LL ii 
Bran disease, *92-394, 440 
Branch, of shoe. 109# 

Breakover, 102-103. 103. ilfl 
corrective shoeing, 1133—1135, 
1133-1135 

identification, 1097, 1097 
interference adjustments, 1136-1137, 
1137 

Breed, conformation and, 73, 74 
Broken backw ard appearance. See Hoof- 
pastem axis, broken back 
Broken forward appearance, 109f, 
1092-1093 

BntceUa abortus, in bicipital bursa 
inflammation, 906 
Bruise, hoof, 1115-1117, 1117 
Brushing, 106. 120 
Bucked knees. 8& £9, Ml-84 3 
causes. 841-842. M2 
signs and diagnosis, M2 
treatment, 842-843 

Bucked shins. See Dorsal metacarpal disease 
Bulbar artery, Li 
Bulbar vein, ]_?, iH 
Bull-nosed foot, 97. 9H 
Buraa(ae) 
acquired. 640 

anatomy and physiology, 640, 640-641 
congenital, 640 
diseases, 640-644 
fistula, 643-644 

local anesthesia. See lntrasynovial 
anesthesia 

of metacar popha langea I joint, Li 
puvition 

bursa) type and, 640 
classification by, 640, 64It 
Bursa mtertuberculans. .See Bicipital bursa 
Bursa podotrochlcaris. See Navicular bursa 
Bursitis, 641-643 


classification, 641 
definition, 64] 
septic, 643, 643—644 
traumatic, 641-643, 642 
Buttress toot, 97-98. 38 
clinical signs and diagnosis, 702. 
702-703 

etiology, 702, 702 

extensor process fracture with, 698, 699, 

70 3 

prognosis, 703 
treatment, 703 


C-propeptide of type II collagen, 

immunologic markers, 485, 486 
Cadence. See Rhythm 
Calcaneal bursa, position and clinical 
significance, 64It 
Calcaneal bursitis 
septic, 643, 643 
traumatic, 642 

Oilcarural tendinitis, common, 978 
Calcaneal tendon, £2 
rupture, 625 
Calcaneus 

fractures, 961-963. 961-961 

osteomyelitis, 963-964, 964 
physeal closure, 70t 
radiographic view 

dorsolaterahpla nraromedial oblique, 

dorsomedial- plantarolateral oblique, 
284-285 

dorsoplantar, 280-281 
flexed latcromcdial, 778-279 
lateromedial, 276-277 
Calcification 
distal phalanx, 128 
muscle, 446 

in navicular syndrome, 670 
Calcinosis circumscripta, 206, 439-440, 
593, 1035-1036 

Calcitonin, secretion, in secondary 
hyperparathyroidism, .393 

Calcium 
absorption 
diet and, 384-385 

in secondary hyperparathyroidism, 393 
vitamin D and, 394 

deficit, in postrxercive fatigue, 388-389 
dietary 

endochondral ossification and, 

384-385 

osteochondrosis and, 551 
intracellular, exertional rhabdomyotysis 
syndrome and, 390 

Calf knees, conformation and, 88, 88-89, 

89 

Calk(s) 
jar, U19 

permanent, 109 
removable screw-in, 109 
for traction, 11 **', 1139. 1140 
Camped behind conformation, ^ 95 
Camped in front conformation, 91. 91 
Cancellous screw, for lag screw fixation, 
423, 424 

Canker 

etiology, 718-719 
prognosis, 719 

signs and diagnosis, 719,1118 
treatment, 719, 1118-1119 


Cannon bone. 5ee Third metacarpal bone 
Cannulatcd screw, for lag screw fixation, 
425,425 

Canter, 100-101. 101 

Capped elbow, 641 -643, 893—894 
Capped hock, ]43, 146, 641-643, 221 
Capsulitis 

fctnoropatellar joint, 149 
scintigraphy, 363. 161-164 
tarsocruraJ joint, 142. 143 
traumatic. See Traumatic synovitis and 
capsulitis 

Carpal arthritis, 818. 819 
Carpal bones, 3* 25, 23 

palpation and manipulation, 136-138. 
137-139. 851 
Carpal canal, 27, 29 
Carpal canal syndrome, 859-861 
causes. 859-860 
diagnosis, 860 
prognosis, 86) 
signs, 860. 860 
treatment, 860-861 

Carpal check ligament. See under Accessory 
ligament 

Carpal chip fracture. See Carpus, 

osteochondral (chip) fractures 
Carpal extensor tendon sheath, 
tenosynovitis 
acute, 632 
chronic, 633 
Carpal flexion test, 851 
Carpal flexor retinaculum, resection, 861 
Carpal joint(s) 
anatomy, 23 

dorsal deviation, 88, I2» 841-841 
forchmh conformation and, & | 
mtrasynovial anesthesia, 173— 174, 

174-175 

joint capsule, 26. 22 
lateral deviation, 89, 30 
ligaments, 2 k 28, 28-29 
luxations, 858-859. 859 
medial deviation, 89, 90 
normal, 848 

palmar (backward) deviation, 88, 88-89, 

£2 

traumatic synovitis and capsulitis, 
491-492. 492 
ultrasonography. 322-12 3 
Carpal sheath, 27, 23 

distention, accessory carpal bone fracture 
and, 861 

tenosynovitis, in carpal canal syndrome, 

‘ 860. £60 

Carpal tunnel syndrome. See Carpal canal 
syndrome 

Carpim, definition, 491. See d/so Traumatic 
synovitis and captu litis 
Carpometacarpal joint, 23 
Carprofen, for joint disease, 497 
Carpus 

anatomy, 25-29 

angular limb deformities, 830-841 
arthroscopy, 487 
comminuted fractures 
locations, 849, 849 
oblique, 849 

treatment, 856-857, 856—857 
dorsal aspect, 24. 25-26, 26-27 

flexural deformities. 841 -843 
congenital, 599-600, 600-601 

forelimb conformation and, 81, M 
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hygroma, I 35. 1 16, 641-645, 642, 836, 
845-847 

inrraarticular fractures, 847-857 
causes, 849-851, 850 
diagnosis, 851-85 3. S52 
locations, 847 
prognosis, 857 
signs, 854 

treatment, 855-856. 853-857 
types, 847-849. X4X-X4M 
lameness, 830-863 
lateral aspect, 26* 2£. 
medial aspect, 26, 2JL 
ossification, delayed, 218 
osteochondral (chip) fractures 524-525, 

S21 

categories, M5 
grades, S4S 

hvperextended knee and, 88-89. 
locations, 847, .548, 849 
treatment, 853-854. .Vi 3-8 34 
palmar aspect, 26. 27. 28-29 
palpation and manipulation. 135-138, 
I36-/39 

radiographic view 

dortolatcral-pjlmaromrdial oblique, 
254-255 

dorsomediaI-paImarolatrraI obiique, 

256-257 

dorvopalmar, 252-251 
flexed ljrcromedi.il, 1 50 - ? 5 1 
latcromedial, 248-24^ 
slab fractures 

locations, 847, 848* 849 
treatment, 854—856. 855 
stabilization, il 
swelling over, 135. 1 16 
ultrasonography, 522-525 
Carpus valgus, 89* 2X1 See also Angular 
limb deformities, carpus and 
asynchronous metaphyseal growth and, 

410-411, 412, 413 

corrective trimming, 1140, t Ml- t LL2 
definition, 830, 830-831 
Carpus varus, 89, 90, 96* 96 * 831, 831. See 
J/so Angular limb dctormitics, 
carpus and 

asynchronous metaphyseal growth and, 
410. 11 1 

Cartilage 

articular. See Articular cartilage 
collateral. See Collateral cartilage 
epiphyseal, development, 466. 466-467 
scapular, j 

thickness, sonographic assessment, 122 
Cartilage-derived growth factor, 463 
Cartilage oligomeric matrix protein, 463. 
594 

Cassette 

computed radiography, 306, 306 
holders, IW* 195* m 
x-ray, 

Cast(s) 

for bucked knees in foal, 842. 813 
for carpal angular limb deformities, 836. 
8 56 

for carpal joint luxations, 859, 859 
for condylar fractures of third metacarpal 
bone, 810 

for congenital flexural deformity, 
602-603 

for degenerative joint disease of proximal 
interphalangeal joint. 739 
for distal tarsitis in foal, 945, 945 


for gastrocnemius tendon rupture, 
625-626 

for middle phalanx fractures, 748, 
750-751. 751. 752 
for proximal phalanx fractures, 762 
for radial fractures, 875 
for severed tendons, 629, 629 
for superficial digital flexor tendinitis, 
6LS 

for suspensory' apparatus rupture, 788 
for third metacarpal bone fractures, 815 
for nbial fractures, 9X8 
transfixarkm. See Transfixation cast 
Castdleja, selenium toxicity and, 395 
Caudal, defined, I, 2 
Caudal aorta artery, thrombosis, 

1044-1045 

Caudal cruciate ligament, iiLL hi 
Caudal cutaneous antebrachial nerve, 311 
Caudal cutaneous femoral nerve, 66. £i£i 
Caudal cutaneous sural nerve, 45* 4_5, 47. 
50*55*i£ 

Caudal femoral artery, 6a 
Caudal gluteal nerve, 66 
Caudal gluteal vessels, 66* 66 
Caudal ribial vessels, 60, 6J 
Center of gravity, balance and, 75-76. Zfi 
Central tarsal bone 
radiographic view 

flexed latcromedial. 278-279 
latcromedial, 276-277 
slab and sagittal fractures, 955-958. 957 
Cephalic vein, 30* JJ 
Cephalothin, for infective arthritis, 582t, 

m 

Cerebrospinal fluid studies, in cervical 
vertebral malformation. 1067 
Cervical fractures, 1075-1076. 5075 - 1076 
Cervical spine 

compression, mvelographv for, 202. 

204-205, 204-20.5 
computed tomography, 309 
nght-to-lcft lateral radiographic view 
caudal, 3O4—305 
cranial, 300-301 
middle, 502-tot 

Cervical static stenosis, 1X163. See alio 

Cervical vertebral malformation 
Cervical vertebral instability. See also 

Cervical vertebral malformation 
definition, 106 3 
myelography for, 204, 205 
Cervical vertebral malformation, 157. 
1063-1069 

ancillary testing, 1067-1068 
diagnosis, 1065-1067. 1066-1068 
etiology, 1065 

pathogenesis, 1063-1065. 1064 
prognosis, 1069 
signs, 1065 

treatment, 1068-1069. 1069-1070 
Charcot's arthropathy, 49 m 
C hestnut, 29* SI 

Chloride deficit, in postcxcrcise fatigue, 
388-389 

ChondriKonipcd.il ligaments, a 
Chondrocytes) 

in articular cartilage, 461, 461 -462 
mechanical signal transduction by, 464 
Chondroitin sulfate. See also 
Glycosaminoglycan 
epitope, 485 
structure, 462. d6J 


Cbondron, 462 

in degenerative joint disease, 535, 5 to 
Chondroncctin, in articular cartilage, 46 3 
Chondrosarcoma, of metatarsophalangeal 
joint, SHI 

Churchill pressure test, 146 
Cinematography, lAl 
Ciprofloxacin scan, in vertebral 
osteomyelitis, 1074 
Circulation, laminar, arteriovenous 

anastomoses in. J_5* 12* 18* 12 
Clcidobrachialis muscle, 34* i_L 39 
Clinch! cs) 
low, 1104. /104 
opening, LLlHl 

setting and folding, 1087, 1088-1089, 
1104. 1104-1105 
Clinch cutter, 11IS 1 

Clinical examination. Ve Examination 
Clipfs) 

positions, J 123. 1 125 
quarter, 693, 69J, 113V 
for rraction, 1 122 

Closed suction drainage, in infective 
arthritis, i&5 
Clostridial myositis, 44~ 

Clostridium Ixitulimtm, 43 3 
Clostridium tetani. 43 5 
(Howard method, modified, for cervical 
vertebral malformation, 
I068-1069. 1069-1070 
Club foot, 98* 1120 
Coagulopathy, in lammitis 6d2 
Coccygeal region 
fracture, 1077 
injuries, 1052-1053 
malalignment, 1054 
Coffin bone. See Distal phalanx 
Coffin joint. See Distal interphalangeal |oint 
Cold therapy 

for antebrachial flexor compartment 
syndrome, 869 

for degenerative joint disease of proximal 
interphalangeal joint, 738 
for superficial digital flexor tendinitis 
6ii 

Collagen 

in articular cartilage, 262 
turnover time, 464-46 5 
type II. C-propeptide of, 485. 486 
Collagen fibrils tendons, 594 
Collagen.lsc, in degenerative joint disease, 
470. 471 

Collateral cartilage, 8-9. 9* 11 
necrosis. See Quirtor 
ossification. See Sidcboncs 
Collateral ligament(s) 
of carpal joints, 26. 28 
of metacarpophalangeal joint, 12 
of phalangeal joints, 130. LMl 
of proximal interphalangeal joint, 13 
rupture, 519*220 
of stifle 

examination, 1000. 1001 
injury, 1017-1018. 1018 
of tarsocrural joint, 970-972, 971-972 
ultrasonography, 322 

Collateral scsamoidcan ligament, l_0* LL U 
Collection, defined, 1 111 
Collimation, x-ray, 187. 187. 198 
Collimator, scintigraphy, 349 
Colostrum, inadequate feed intake and, 377 
Cimtandra. selenium toxicity and, 3iii 
Common calcaneal tendinitis, 978 
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Common digital artery. 23, 2d 
Common digital extensor muscle, II, 25, 

24, 30, J2 

huru under, position and clinical 
significance, 641t 
Common digital extensor tendon 
rupture, 610-611. 611-612. 842. 

844-845 

bucked knees and, 842. 842 
ultrasonography, 323 
Common digital extensor tendon sheath, 
tenosynovitis, 63/ 

Common intrrosscus artery, 11 
Common peroneal nerve block, l* ~ 
Compartment syndrome, antebrachial 
flexor, 868-86^ 

Complementary fibrocamlagc, 9* il 
Complementary lameness, 113 
Complete blood counts, in cervical vertebral 
malformation, 1067-1068 
Compression, physeal response. 404, 404 
Compression fixation, principles, 422 
Computed radiography, 306, 306-307 
in joint disease, 4M 

Computed tomography, 307-309, 308, 309 
in joint disease, 48t 1—481 
in navicular syndrome, 671-672 
in stifle injury, 1001 

Concussion-reducing hoof pads, 11 32-1133 
Conformation, 73-98 
balance and, 75-76. 76-7# 
blemish versus unsoundness, 21 
breed and, 73, 2d 
components, 75-98 
balance, 75—76. 76-75 
correctness of angles and structures, 10 
proportions and curvature of topline, 
76. 78. 7g-8Q, 22 
quality, 1!J| 
substance, ID 
defined, 21 

endochondral ossification and, 387 
of foot, 96-96. .See also Foot (feetj, 
conformation 
forefoot, 96-97 
hind foot, 97* 97 

of forelittibs, 75* 60-92 Set also 
Forelimh, conformation 
gitit defects and, 107-108 
of head and neck, 75* HU 
of hindlimbs, 75, 92-96 See also 
Mmdlimb, conformation 
method of evaluation, 73,21 
of trunk, Li 

Congenital flexural deformities, 599-603, 
600-602. H20 

Congenital joint anomalies, 591-592, 122 
Contiguous clip shoe 
for distal phalanx fractures. 693, 694 
uses, 1130 

Continuous rim-type shoe, 1130 
Contracted heel, 97 97, 1109-U 10, 
1109-1110 

Contracted tendon, 383, 599 
Contrast materials, radiology, 199. 200t 
Contusion, bone, 916. 435 
Coon-footed, M, 21 

(dipper 

dietary 

angular limb deformities and, 832. 833 
developmental orthopedic diseases and. 
407-408 

endochondral ossification and, 

384-386 


osteochondrosis and, 441-542 
fur selenium toxicity, 725 
Copper sulfate, for hoof packing, 1 132 
Coracobrathulls muscle, 37. 18 
Cor i urn 

arterial network. If, 16 
arterial supply, 8 
coronary, 2* X 5-6, 6 
laminar. 2, 5* 6*4 
pcrioplic, 5, 2 

relationships to kstl, l* 5. 

Corn(s), 717-718 
hoof wall. , 1117 
Coronal arterial circle, 15^ 16 
Coronal artery, 14-15 
Coronary band, & 
avulsion injuries, 7 29—731, 730 
palpation, 127-128. 128. 
penetrating wounds, 706, 706, 709-710 
Coronary corium, 2* 5* 5-6, 6 
Coronary cushion, 8 
Coronary groove of the hoof, I 
Coronary grooving, for laminitis, 661. 661 
Coronary veins, IT* 12 
Coronary venous plexus, 17, 29 
Coronet 

displaced. 1112, 1113, JJ13 
swellings at, 121 

Coronet band, drainage at. in gravel, 213 
Cortical changes, in reaction to disease, 
radiographic interpretation. 
208-209. 208-210. 212 
Cortical screw, fee also lag screw fixation 
for lag screw fixation, 422-423. 423-424 
pretapped versus self-rapping, 425 
Corticosteroids, fee also specific agents 
adverse effects, 500 

antiinflammatory effects, 499-500. iflfl 

for bog spavin, 49Q, 949 

for bone spavin, 936 

for carpal canal syndrome, 860 

for carpal chip fractures, 854 

for cervical vertebral malformation, 1068 

clinical impressions, 503 

for degenerative joint disease, 540-441 

historical perspectives, 499 

for infective arthritis, 584-486 

for joint disease, 498-503, 500 

for navicular syndrome. 674-676 

osteochondrosis and, 552 

for ‘'splints,” 820 

for subchondral bone cysts, 474 

for superficial digital flexor tendinitis, 

614 

for suprascapular nerve palsy, 921 
Cosequin, 514 
Counter! rritation 
for degenerative joint disease, 541 
for patellar upward fixation, 1025 
for "splints,” 820 

Coupling, conformation evaluation, 79. 

79-80 

Cow hocks, 96* 26 
bone spavin and, 932 
Coxal joint. See Hip joint 
Coxofrmoral joint 

intrasynovia| anesthesia, 180, 180-181 
lameness, 1037-1043 
hip dysplasia. 1043 

rupture of round ligament, 1037-1039, 

1018 

luxation, 522-523. 1039-1042 
diagnosis, 1040, 1041 
etiology, 1 03 9. 1039-1040 


prognosis, 1042 
signs, 1040. UMii 

treatment, 1040, i04t. 1042 
osteoarthritis, 1043 
osteochondrosis, 1042 
palpation and manipulation, 153. M4 
round Itgamem rupture, 1037-1039, 

UlM 

Crack, ill hunt. W Hoof wall, cracks 
Cranial, defined, 2 
Cranial branch of the medial saphenous 
vein, 47, 48. 52 

Cranial cruciate ligament, 60* 65 
injury, 1019. 1019 
Cranial gluteal nerve, 66 , th 
Cranial gluteal vessels, 66 * M 
Cranial interosseus artery . 33 
Cranial tibia I artery, 50* 51* 55 
Cranial tibia I vessels, 60* 61 
Crease, of shoe, >098 
Creatine kinase 

in exertional rhahdomyolysis syndrome, 

390 

in muscle disease, 447 
Creep, in articular cartilage, 464 
Crepitation, without pain, 160 
Crimp, definition, 594 
Crimp angle, exercise and, 596-597 
Cross firing, 106* 107* /20* 12J 
Croup, conformation evaluation, 79, 80* 21 
Cruciate ligament, 60* 61 
injury, cranial, 1019. 1019 
Cruciate ligament test, 150-152. 151. 1000 
Crural fascia, 11 
Crus, 55* 58-59 
caudal aspect, 58* 49 
cranial aspect, 45 
dorsal aspect, H 
lateral aspect, 55. 55. 57. 58 
medial aspect, 4&* 49* 48-59 
Cubital joint 
extensor muscles. Id 
flexor muscles, 33-34 
fracture proximal to, immobilization, 419 
intrasynovia I anesthesia, 174-176, IZi 
joint capsule, 11 
melanoma involving, 492 
palpation and manipulation, 13 7, 138. 

m. >40 
stabilization, 41 
Cubital lymph nodes, 38, H 
Cuboidal bone, incomplete ossification, 
413-414.4/4 
Cuncan bursa 

intrasynovial anesthesia. 177, 177-178 
position and clinical significance, 64It 
Cuncan bursitis, 641-643, 946-947 
Cuncan tendinitis, 946-947 
Cuncan tendon of the tibialis tranialis 
muscle, 49* 12 

Cuncan tenectomy, for bone spavin, 
937—939 QtV 

Curb. 143* 145, 146, 972-973. 9 21 

Cushing’s disease, 649 

Cut out under the knees conformation, 91* 

21 

Cutaneous omobrachialis muscle, 22, M 
CVP gasket pad technique, for hoof 
packing, 1132 

Cyclooxygenase, NSAID affinity, 495. 496 
Cyvt(s) 

bone, 415-416, 415-4/6. 433. 4 U 
subchondral bone. Srr Subchondral bone 
cysts 
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Cysteine proteinase, it) degenerative joint 
disease, 472 
Cytokines 

in articular cartilage, 4M 
in degenerative joint disease, 472 
in subchondral bone, 46 4 


Da trie shoe, 1100 

Darkroom equipment, x-ray, 1 96-197. 

196-197. 196t 
Debridement 

articular cartilage, 475. 475-476. 
43i-4t> 

in penetrating wounds of foot, 707 
Decorin, in articular cartilage, 4<> l 
Deep digital flexor tendon 
club foot and. 11211 
contracture 

clinical manifestations, 604-604. 604. 
605, 605 

with common digital extensor tendon 
rupture, 610. 612 

treatment, 605, 606-608, 607-60S, 
610 

flexural deformity, 127. 122 
medial displacement, 976, 976-977 
navicular syndrome and, 664. 665 
palpation and manipulation, 128, 12^. 
130. 135. Ill 

in pelvic limb, 47* 58* 59* 19 
rupture, 626. 626 
swelling. Hi. L16 
tendinitis, 128. 129. 620 
tenotomy, 607. 60S. 60S 
distal phalanx subluxation after, 660- 
660 

for lamimris, 659-661, 660 
in thoracic limb, 9- IQ. 10. LI 
transection, for luxation of proximal 
interphalangcal joint, 211 
ulnar head of, 12 
ultrasonograph y 

forelimb, 318. 3! 9t, 320. 327-3 37 
hindlimb, 322.112 
Deep femoral artery, 62 
Deep gluteal muscle, fci* 66 
Deep inguinal lymphoccntcr, 62. 20 
Deep peroneal nerve, 51. 55, 12 
block, 167* LM 
resection, for bone spavin, 941 
Degeneration, muscle. 111 
Degenerative joint disease, 533-541 
articular cartilage degradation. 4">-4”4 
cervical vertebral malformation and, 
10*4. 1064-806.4 
clinical entities, 433 - 534. 5.34 1 
clinical signs, correlation with pathologic 
changes, 537 

of coxofcmoral joint, 1043 
cytokines in, 472 
definition, 533 

diagnosis, 538-539. 438-440 
of distal tarsal joints. See Hone spavin 
fibronectin in, 122 
metalloproteinase in, IZll 
neuropeptides in, 473 
osteophytes in, 474-475. 538 
pathogenesis, 437-538 
pathologic changes, 534-536. 4 34-4 37 
of proximal interphalangeal joint, 
733-741 

radiographic changes, 213. 212* 48U. 

4 IS- 540. 122 " 


ringbone and, 437-338 
scintigraphy, 364. 368, 169 

of talocalcaneal joint, 970 
treatment, 539-441 

dimethyl sulfoxide, llil 
joint lavage, 440 
medications, 411. 440-441 
osteophyte removal. 111 
principles. 111! 

promotion of cartilage healing, 212 
rest and physical therapy, 1111 
surgical arthrodesis, 441 
surgical curettage, 532. Ill 
synovectomy, 441 
white blood cell count. 111 
Dehydration, postexerdse fatigue and, 
388-389 

7-Dehydrocholcstcml, 282 
Deltoid tuberosity, 2 
Drkoideus muscle, 35, 36,. 22 
Demineralization 

in secondary hyperparathyroidism, 
393-394 

in sesamoiditts, 782, 783 
Dens, fracture, 1076 
Dental problems. See Tooth (teethI 
Depo-Mcdrol. See Methylprednisolonr 
acetate 

Depo-Provera, for bog spavin, 491) 

Depth of body, balance and, 76* 21 
Dermis of hoof. .See Gorium 
Desmitis 
definition, 612 

ultrasonography, 324-32.5, ill 
Developmental orthopedic diseases, 

407-416, 443- 443. See aha 
specific diseases 

angular limb deformities, 410-413, 

412- 414 

clinical entities, 443-444 
definition, 443-444 
endochondral ossification and. 282. 
incomplete cuboidal bone ossification, 

413- 414, 414 
juvenile spavin, 414. Ill 
osteochondritis dissecans, 414-415, 414 
osteochondrosis, 543-453 

physitis, 408-410, 409-4it 

risk factors, 407-408 

subchondral cystic lesions, 415-416. 

414- 416 

Developmental stage, gait defects and, 
109-110 
Dexamethasone 

for cervical fractures, 1075-1076 
for cervical vertebral malformation, 11168 
osteochondrosis and, 222 
Diagnosis of joint disease, 479-488 
arthroscopy. 486-487. 486-488 
clinical examination. 479-480 
computed tomography, 480-481 
magnetic resonance imaging. 481 
nuclear imaging. 481 
radiographic examination, 480 
storage phosphorimaging digital 

(computed) radiography, 480 
synovial fluid analysis, 481-485. 

482-48 l 

synovial markers, 485, 186 
synovial membrane biopsy, 48 4-486 
ultrasonography, 481 
Diagnosis of tameness 
age of horse, 116 
anamnesis, 116. LL6 


gait and force analysis, 117-118. 

181-182 

imaging techniques, 180-181 
local anesthesia, 160-1 so 
palpation and manipulation, 122-1 49 
procedures, I I h -1 S ^ 
radiology . .See Radiology 
running surface. 115 -1 L6 
shoeing, 115. LL6 
signalmen! and use, 116, Lit 
sites of lameness, 114-1 LS 
special considerations, 1 49-160 
stumbling, 116, 116 
ty pe of work, 111=115* 115t 
visual examination. 1 16-122, 117-120 
Diagnostic imaging, 1 HO- 181. 1 84- 3"4 See 
also Radiology ; specific imaging 
techniques 

Diarthroses, definition, 128 
Diathermy, for traumatic synovitis and 
capsulitis, 493 

Diclazuril, for equine protozoal 
myclocnccphalitis, 1071 
Digit, See also Foot; Pastern 
anatomy, 1-14 
blood vessels, 14-17, 4 3 
functions, 22-2 3 
lateral aspect, 21 
medial aspect, 20 
nerves, 17. 20, 21 . 22. 4 3 
pelvic limb, 12 
thoracic limb, 1 -23 
Digital arteries 

in forefoot, 14* H* 16* 20. 21. 2d 
in htndfoot, 15* 43* 12. 

Digital cushion, 9* LSI 
Digital cushion branch artery, 11 
Digital extensor tendon, severed 
diagnosis, 627 

prognosis, 630 
treatment, 627-628 
Digital flexor tendon, severed 
diagnosis, 627. o2". 628 
prognosis, 630 
treatment, 628-6.10, 629 
Digital flexor tendon sheath 
distention, 130. Lil 
synovKxrcntrsis, L21 
tenosynovitis, 630. 631 
acute, 6 32 
chronic, 633 

Digital hyperextension, 598-599. Sllll 
Digital veins 
in forefoot, IT* Li 
in hind foot, 12 

Dimethyl methylene blue assay. 125 
Dimethyl sulfoxide 

for cervical fractures, 11126 
for cervical vertebral malformation, 1068 
for degenerative joint disease. 440 
for rxcrtional rhabdotnyolysis syndrome. 
390 

for infective arthritis, 586 
for laminiris, 6.54 

for superficial digital flexor tendinitis, 

612 

for traumatic synovitis and capsulitis, 121 
Diphenylhydantoin, 390-391 
Directional terms, 1* 2 
Directness, defined, l 111 
Discoid physis, 401 

Disease-modifying osteoarthritis drugls) 
corticosteroids as, 540-441 
polysulfated gJycosammuglycan as, 22 l 
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Dished boot, 106* 1086, 1123. 1125-1126 

Dished toe. 1125 

Dislocation, Sire Luxation 

Distal carpal bones, radiographic view, 

Hexed dorsuproxirnal-dorsodistal 
oblique, 262-26 ? 

Distal digital anular ligament, 2* U 
Distal dorsal metacarpus/metatarsus, 

osteochondritis dissecans, 5o3. 
56.1-565. ShA 

Distal extensor retinaculum, 45. dS 
Distal femoral physitis, 1027 
Distal interphalangeal joint, l 
acquired flexural deformities 
clinical manifestations, 603-604. 604. 
605 

treatment, 605, 606-608, 607-608 
anatomy, 1Q-11 . 1 1. 12 
intrasynovial anesthesia, 170-171. 

171-172, 668-669 
intrasynovial injection, for navicular 
syndrome, 676, 622 
subchondral bone cysts 
diagnosis, 122 
treatment, 575-576 
Distal mtertarsal joint 
arthrodesis, for bone spavin, 929, 
939-940 

degenerative joint disease, 931. 932. See 
d/ro Bone spavin 

intrasynovial anesthesia, 1 77. 177 
palpation. 142, 144, 146 
Distal medial condyle of humerus 
fracture, 901. 901 
subchondral bone cysts. 890, 592 
Distal metacarpus 

dorsal aspect, osteochondritis dissecans, 
363. 563-565, 564 

fracture, 805 
immobilization. 418. A20 
Salter type II fractures, 812. 812 
Distal metatarsus 

dorsal aspect, osteochondritis dissecans, 

563-565, 1M 

fracture, immobilization, 419-420 
Distal patella 

fragmentation, 1013-1014, JO/4 
luxation, 1025-1026 
Distal phalanx 
arterial supply, L£ 
calcification. 128 
cartilage, 8-9. 9* 11 
derotation, 659-661, 660 
distal displacement lsinker), 645, 646. 
612 

radiographic appearance, 653. 654 
extensor process fractures. 697-701 
clinical signs, 699, 699-700 
diagnosis, 698. 700 
etiology. 698. 698-699 
prognosis, 201 

Treatment, 700-701. 700-70/ 

forces acting on, 22j 21 
fractures, 690-697 
clinical signs, 692 
diagnosis, 692-693 
etiology, 692. 692 
incidence, 690 
prognosis. 696-697 
radiographic examination, 692 
scintigraphy. 364, 166, 693 
trtarment. 11 19- 1120 
articular fractures, 694-696, 
695-696 


nonarticular fractures, 693—694. 
693-694 

types, 690-691, 690-691, 1119 
in laminitis, pathology, 645, 646 
ligaments, 8, 9* LL 
pelvis; limb, 43, 44 
penetrating wounds, 707, 708, 708 
physeal closure, 43, 43t 
radiographic view 

dorvomedia I -pa Ima rolateral oblique, 
226-227 

dorsoprox i ma I -pa I ma rodistaI oblique, 

218-219, 224-223 

lateromedial, 716-21? 
palmarodistal oblique, 220=22 1 
palmaroproximal-palmarodistal 
oblique, 222-223 
rotation, 645. 646. 631. 651—652 
corrective shoeing for, 658^639. 
658-659 

radiographic appearance, 653, 653 
subchondral bone cysts, 688-690 
clinical signs, 688 
diagnosis, 688-689, 689 
etiology, 688 
prognosis, 689—690 
treatment, 689 

subluxation, after deep digital flexor 

tendon tenotomy, prevention, 660, 

660 

terminal arch within solar canal of, L5. 

12 

Distal radius 

osteochondroma, 864-866 
causes, 864, 865 
diagnosis, 865, 863-866 

locations, S'64, 864 
prognosis, K66 
signs, 864—865. 86.5 

treatment, 861, 866, 866 
radiographic view, flexed dorsoproximal* 
dorsodtstal oblique, 258-259 
trattsphyscal bridging, 838-840, 838-840 
Distal sesamoid bone. See Navicular bone 
Distal sesainoidean ligament 
anatomy, 10* 
desrmtis, 764—768 
clinical signs, 766, 766—767 
diagnosis, 765, 765, 767 
etiology, 766 
prognosis, 767-768 
treatment, 767 

navicular syndrome and, 665, 670, 671 
Distal tarsal bones, intramedullary 
decompression, 940 
Distal rarsal joints 
arthrodesis, 919, 939-940 
degenerative joint disease. See Bone 
spavin 

Distal tarsias syndrome of harness-race 
horses, 946-947 
Distal tarsus 

inflammation, in foals, 942-945, 
943-945 

osteosarcoma, 986, 986-987 
Distal tibia! physis, fractures, 989, 990 
Disuse muscle atrophy, 444—445, 445 
Diuretics, for cervical fractures, 1076 
DMSG. See Dimethyl sulfoxide 
DOD. See Developmental orthopedic 
diseases 

Domoso. .W Dimethyl sulfoxide 
Dorsal, defined, L, 2 


Dorsal articular synovial capsule, 
ultrasonography, 32? 

Dorsal common digital vein II, 45* 46, 12 
Dorsal metacarpal disease, 800-804, 
mi=SM 

palpation, 132. LLi 
in racehorses, 416-417 
Dorsal metacarpus, fracture and periostitis, 

800-804 

causes, 800-801. Ml 
diagnosis, 801-802, 802 

prognosis, 804 
signs, 800-802. MI 
treatment, 802-804. flfll-flfM 

Dorsal metatarsal artery, 45* ±1 
Dorsal metatarsal nerves, 43. 45* £L 16 
anesthesia, 165 
Dorsal metatarsal vein II, 15 
Dorsal-palmar balance 
corrective trimming and shoeing, fill. 

1123. 1123 
gait defects and, 106 
preventive trimming and shoeing for, 

108" 1089-1093, 1091-1092 
Dorsal pastern region, py ramidal distortion. 

.See Buttress foot 
Dorsal pedal artery, 48, 51/ 

Dorsal sacroiliac ligament, 6.5-66, 66 
Dorsal spinous processes 
fracture, 154,156, MIfi 
luxation, 154, 156 
overlapping, hack problems and, 
1057-1059, 10S8 
palpation, 154,156 
Dorsal tarsal ligament, 53* 53 
Dorsal tendon of the peroneus tertius 
muscle, 48, 511 

Dorsuscapular ligament. 39, M 
Drainage, for infective arthritis, 583-585 
Draining tract 

injections, 200 . 200-201. 201 

ultrasonography, 314. 315 
Dressing, hoof, 1108 
Drop bar shoe, 1129, 1 130 
Dropped elbow, 138, 140 
elbow fracture and, 879. 883 
humeral fracture and, 896, 897 
Dropped sole, 124, 125 
laminitis and, 650, 652 
Duckett's dot, 1096, 1096 
Dynamic balance, 1089 
Dynamic compression plates, 426, 426 
for middle phalanx fractures, 7.50, 
753-754. 754 

for third metacarpal bone fractures, 813, 
&14 

for ulnar fractures, 885-886 
Dyschondroplasia, 545-546, 547. See ttUo 
Osteochondrosis 

Dysprosium- 16.5. for olecranon bursitis, 894 


Khurnation, subchondral bone, in 

degenerative joint disease, 534* 
535 

Edema, peri vascular, in pathogenesis of 
laminitis, 646-647 
Edge enhancement 
computed radiography, 306, 307 
xeroradiography, 307, 308 
Egg bar shut* 

with frog support plate, J127. 
H27-1128 
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for navicular syndrome, U 11 
open, 112ft. I L2h 
uses, 1126-1127. 1127 
Elbow. See also Cubital joint 
capped, 641-643. 893-894 
dropped, t 38. 140 

elbow fracture and, 879, SS { 
humeral fracture and, 89ft. S97 
lameness, 8"9-894 
joint luxation, 888-890 
olecranon bursitis, 893-894 
ulnar fractures, 879-888 
luxation, 888-889. 888-890 
melanoma involving, 592 
radiographic view 

cramocaudal, 266-267 
medial-lateral, 2ft4-2ft5 
subchondral delects and bone cysts, 
890-893 
causes, 890 

diagnosis, 573-574. 890, S9| 
locations, 890, *£1, 892 
prognosis. 895 
signs, 890 

treatment, 57ft. 891-893, 892 
Elbow hitting, Lll 
FJtctrogoniomctty, 182 
Electrolyte abnormalities 

exertional rhabdomyolysis syndrome and, 

iau 

in mature horse, 588 
in muscle disease, 947 
Electromagnetic therapy 

for superficial digital flexor tendinitis, 

616-617 

fur traumatic synovitis and capsulitis, d±2 
Electromyography, 44S 

in cervical vertebral malformation, 10ft8 
in radial nerve paralysis, 904 
Electrostimulation, for traumatic synovitis 
and capsulitis, 321 
Kndochondr.il ossification 

alteration, for angular limb deformities, 
412-413,111 
center, trauma to, 386-387 
defects, Mi 

angular limb deformities and, 812 
causes, 383-386, 832 
generic predisposition, 387 
nutritional imbalances and, 38 5-386 
nutritional management, 587-388 
osteochondrosis and, 544. 544. 21 ] 
defined, 401 

osteochondrosis and, 512 
radiographic appearance, 557, 558 
Endocrine system, osteochondrosis and, 552 
Endoscopy, for anular ligament transection, 
799 

Endotendon, 594-595, 595 
Endotoxin-induced microthrombosis, in 
laminitis, 643-646 

Energy 

deficiency 

inadequate feed intake and. 377 
in mature horse, 388 
dietary, endochondral ossification and, 
381-384 

Ennstnscs, of tibia, 998, 998 
Entheskiphytc 

in accessory ligament sprain, 8ft7, 868 
in distal sesamoidean ligament desmitis, 
765. 765. 767 
formation, 474-475 
in navicular syndrome, 665, 670, 670 
radiographic interpretation, 212, 211 


Enthcsopathics, scintigraphy, 368, 170-571. 

121 

Enzymcls) 

in muscle disease, 447 
in synovial fluid, 484-485 
Epaxial muscle, atrophy, diskospoodyfitis 
and, 1060. UMl 

Epidermal spur, in avulsion injuries, 72ft. 

727 

Epidural empyema, vertebral osteomyelitis 
and, 1073-1074, 1074 
Epiphyseal artery, 40? 

Epiphyseal cartilage, development, 466. 
466-4J.7 

Epiphyseal ossification center, 402, 403 
Epiphysis, 401, 402 
development, 46ft. 466-467 
ossification, 467. 

Epiphysitis, See Physitis 
Epsom salts, for gravel, 715-714 
Equine degenerative myeloencephaloparhy, 
in?? 

Equine Digit Support System shoeing 
for contracted heels, 1110 
for distal phalanx fractures, 1119-1120 
for laminitis, 658-659, 659 
with wedge rails, 660, 660 
Equine herpes virus type L 1072-1073 
Equine motor neuron disease, 592. 1073 
Equine polysaccharide storage myopathy, 

m 

Equine protozoal mycluencepha lit is, 
1070-1072 

Equine rhabdomyolysis syndrome. See 
Exertional rhabdomyolysis 
syndrome 

Fquiproxcn. See Naproxen 
Erosion, articular cartilage, in degenerative 
joint disease, 531 

hschencbta colt, infective arthritis and, 582t 
Escrous cycle, gait defects and, l111 
Ethylenediaminetetraacetic acid. 449 
Evenness, defined, 110 
Examination 

by gait and force analysis, 117-118. 
181-182 

history |anamnesis), 116, 1 /ft 
by palpation and manipulation 
back, 154-157. 155-159 
forelimb, 122-142. 122-/42 
hind limb, 142-154, 142-154 
neck. 157. 159 
rectal, 159, Li 2 
stride, 113-114. LLL 
swav response, 159, IftO 
visual, I 16-122, 117-120 
at exercise, 1 17-122, 119-120 

at rest, 116-117, 117-11,S' 

Excessive angulation of the hock 
conformation, 93, 9£ 

Excessively straight limbs conformation, 9 1. 
25 

Exercise 

bone remodeling and, 416-417 
endochondral ossification and, 287 
fatigue after, in mature horse, 288-389 
muscle response, 44 3-444 
osteochondrosis and, 553 
for tendon rehabilitation, 618-619 
Exercise-related myopathy. See Exertional 
rhabdomyolysis syndrome 
Exertional rhabdomyolysis syndrome, 
389-391,450-451 


causes, 390. 451 
in mature horse, >80. 389- 391 
scintigraphy, 375* 373-374, Hi 
Exhaustion, in mature horse, 388-38*) 
Exostosis 

fluorosis and, 437. d38 
metacarpal/meiatarsal, 818-821 
multiple cartilaginous, 4 38-4 39. 4 ?9 
phalangeal. See also Ringbone 
huttress foot and, 702, 702 
supracarpal. See Distal radius, 
osteochondroma 

Exposure consistency, in radiology, 19Q, 

19f) 

Exposure factors, technique chans, 

198-199. 20Qt 

Exposure time, for x-ray machines, LHft 
Extended-heel shoe, 1 126, 1126 
Extension, defined, 110 
Extensor branch of the suspensory ligament, 

Li 

Extensor carpi obliquus muscle. 111 
anatomy, 25. 2h 
bursa, 25-26, 2l t 
Extensor carpi obliquus tendon, 

ultrasonography, 3 ? 3- 3 74 
Extensor carpi radialis bursa, position and 
clinical significance, 64 It 
Extensor carpi radialis muscle, 25. 2ft. 30, 

31*12 

Extensor carpi radialis tendon 
rupture, 625, 62ft. 844-84 2 
ultrasonography, 323 
Extensor digitorum brevis muscle, 45* 45* 

M 

Extensor muscle (s) 
atrophy, I 17. f 17 

in navicular syndrome, 665, 666 
cubital joint, 54 

Extensor process fracture of distal phalanx. 

See under Distal phalanx 
Extensor retinaculum, 26* 26* 22 
External fixation, 427. 427 
for middle phalanx fractures, 751. 753 
for proximal phalanx fractures, 762. 763 
for suspensory apparatus rupture, 789 
for third metacarpal hone fractures, 815 
for tibia! fractures, 993-994, 994 
Extracellular matrix 
articular cartilage, 4ft2-4ft L 46^-464 
tendons, 594 

Extracorporeal shock wave therapy 
for bone spavin, 940-941 
for tibia) stress fractures, 992 
Extrinsic repair, of articular cartilage, 325 
Eye(s), conformation evaluation, HO 


Farrier 

organizations, 1143 
publications, 1142-1143 
resources, 1143 
Fascia lata, 59* 63* 65 
Fast-twitch muscle fibers, 443. 441 
Fat, soft tissue, radiographic interpretation, 
206 . 201 

Fatigue, postexercise, in mature horse, 

388-3K9 

Fatigue fracture. See Stress fracture 
Fatty degenera non, muscle, 444 
Femoral artery, Hi 69 
Femoral boor. See Femur 
Femoral canal. Hi 6H 
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Femoral condyle, intraarticubr lesions, 

1016- 1017. 1017 
Femoral head, radiographic view, 

ventrodorsal, 296-297 
Femoral nerve, 61 
paralysis, 1035, 1036 
Femoral trochlea, fractures, 1011, 1012 
Femoropatcllar joint, 61-62. See also Stifle 
anatomy, 61-62 
arthroscopy. LSI 
effusion, 999, 2:22 
fibroma, 592, f‘>2 
intraarticubr fractures, 1011-1014 
int ravvnnvi.il anesthesia, 178-179, 
178-/80 

osteochondral fragmentation, 5 tit-t It 
osteochondritis dissecans, 336-559, 
1002-1005 

clinical signs and diagnosis. 543-535. 

536-557. 558 
incidence, 1002 

prognosis, 1005, 1006 
radiographic appearance, >33-533. 
336-557 

signs and diagnosis, 1002-1004, 
1002-1005 

treatment. 537-358. 1004-1005, 1006 
radiographic view 
caudocranial, 292-293 
flexed lateromcdial, 290-29) 
lateromedial, 288-289 
Femoropatcllar joint pouch, palpation, 149, 
LLL 

Femorotibial collateral ligament, in|ury, 

1017- 1018, 1018 

Femorotibial joint, HL 62=64. See also 
Stifle 

arthroscopy, 48^-488 
intraarticubr fractures. 1014-1016. 

UlLS^WIh 
meniscus, f>0* 63-64 
tears, 523-524. 123 
osteochondral fragmentation, 5 31 
osteochondritis dissecans, 3.59 
radiographic view 
caudocranial, 292-293 
Hexed lateromedial, 290-291 
lateromcdial, 288-289 
sprain, 519. 520 
subchondral bone cysts 
diagnosis, 570, 571. 572. 572 
treatment, 5.73 
Femur, 65 

examination, 132-15.3. >51-154 
fractures, 152-153. 154, 11128=0012 
causes, 1028 
prognosis, 1030 

signs and diagnosis, 1028-1029. 

ireatment, 1029-1030. 10.10-loll 
head of, ii 
lameness 

calcinosis circumscripta, 1035-1036 
femoral nerve paralysis, 1035 
fibrottc and ossifying mvopathv, 

10 3?-1034 
fractures, 1028-1032 
quadriceps rupture, 1035 
trochanteric bursitis, 1037 
physcal closure, 70t 
radiographic view 
caudocranial, 292-293 
cramuproxima I-distal cranial oblique, 
294-295 


flexed lateromedial, 290-291 
lateromedial, 288-289 
ventromedial-dorsolateral obi iq uc, 

298=299 

trochlear surface, 62 
Fetlock. See also Metacarpophalangeal 

joint; Metatarsophalangeal toint 
acquired flexural deformities 
clinical manifestations, 604-605, 
605-606 

treatment, 606, 60S. 609-610. 610 
arthroscopy, 487 
blood vessels, 14-17, 43 
congenital flexural deformities, .599. 600, 
600. 601 
extension, U1 

flexion tests. 130. )3). 132. L12 
forelimb conformation and, 81 
functions. 22-23 

intrasynovial anesthesia, 1 ~2— I~ T 3, 
171-174 

joint capsule, 13 
palpation, 130. IML 
scintigraphy, 363, 262 
lameness, 268-199 
angular limb deformities, 793-796 
fractures of proximal sesamoid bones, 
773-782 

luxation of joint, 29tl=79.?. 
osteochondral fractures of proximal 
phalanx, 768-769 
osteomyelitis of axial border of 

proximal sesamoid hone, 784-785 
palmar-plantar anular ligament 
constriction and, 796-799 
sesamoiditis, 782-784 
subchondral bone cysts. See Fetlock, 
subchondral bone cysts 
traumatic arthritis of 

metacarpophalangeal joint, 491. 
49 2.222 

traumatic rupture of suspensory 
apparatus, 786=283 
lateral aspect, 22 
luxation, 521, 290=292 
causes, ISO 
diagnosis, 790. 79/ 
prognosis, 791 -'"9? 
signs, 2211 

treatment, 790-791. 792 
medial aspect, 20. 
nerves. 12, 2<L 2L 22.43 
osteochondral fragmentation, 526-529. 

5 5 in 

osteochondritis dissecans, 56.2=563 
palpation and manipulation, 130-132. 

M0-132 
pelvic limb, 4J 
radiographic view 

Uteroproximal-dtstomcdial oblique, 
238-239 

lateroproximodofsabmcdiodistopalmar 
oblique, 236-237 
subchondral bone cysts, 285=786 
causes, 182 

diagnosis, 572. 573. 785. 281 
prognosis, 786 
signs, ULS 

treatment, 574-575. 786, ZM 
synovitis and capsulitis, 491. 492. 402 
thoracic limb, L=23 
ultrasonography, 222 
varus deformity, 793, 793 
wiodpuff*. Lifi. 1M LLL 489* 49& m 


Fetlock sling shoe, 787, 787 
Fetus hypothyroidism in, 378 
Fiberglass hoof tape, for distal phalanx 
fractures, 693. 693 

Fibrillation, in degenerative joint disease. 

535,116 

Fibroblasts, tendon. 594 
Fibrocartilage 
complementary, 9* Li 
synovia) joints, 26J 
Fibroma 

femoropatcllar joint, 592. 502 
ossifying, 433. 3J3 
tendon, 635 

Fibromodulin, in articular cartilage, 46.3 
Fibroncctm 

in articular cartilage, 463 
in degenerative joint disease, 473 
Fibrucic myopathy, 446 
Fibrous osteodystrophy, 392 ^394. 340. 

440=441 
Fibula, 33* 52 
fibrous union, 997 
fracture, 996-997, 991 
physcal closure, 70t 
radiographic view, caudocranial, 

292-293 

Fibular nerve blocks, 16?. 168 
FibuLar tarsal bone. See Calcaneus 
Field blocks 
evaluation, 161 
pastern, 162, 162 

with perineural anesthesia, 161, 1.6.7 
Film, x-ray, L83 
Film badges, 348, 348 
Film markers, 192. 193, 195 
Film processors, 197. L9J2 
Film-screen contact, 190. LSI 
Film strip method, 196 
Finadvne. See Flunixin 
Finnhorses, sidebones, 715 
First aid 

fracture kit, 4 l8t 

for radial fractures, 871-872, S" l-8 ? 4 
First carpal bone, 26, 28 
Fistula, inrersynovial, 588-589, 635, 
643-644 

Fistulography, 200, 200-201, 201 
in penetrating wounds of foot, 707, 708 
Ftsrulous tract, m quittor, surgical excision, 
711-712.7)2-7/3 
Fistulous withers, 643, 643, 6 44 
Fitness level, gait defects and, 1319 
Fixation techniques, 421-427, 322=427. 

See also External fixation; Internal 
fixation 

Flaking, in degenerative joint disease, 535. 
516 

Flat feet, 9X 
Flex-Free, 212 
Flexion testjs) 
back, 157, 1S8 
carpal, 852 

fetlock, 130. I3f. 132, 132 
hock, 146-147. 137, 138. 911. 933-9 34 
mtcrphalangca) joints, 132. 132 
stifle, lilL 151, 1221212 " 

Flexor carpi radialis muscle, 30. XL 32 
Flexor carpi ulnaris, bucked knees and, 843 
Flexor retinaculum, 26, US 
Flexor tendons 

flaccidity or weakness, 598, 598 
forelimb, ultrasonography, 318-321. 

3l9t 
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longitudinal scans, 336, 336-337 
transverse scans, 326. 327-333 
hind 1 1 mb, ultrasonography, 321-322. 

»i -*42 

palpation and manipulation, 128, 129. 

135. 135 

response to exercise, 596-597 
tendinitis, 612-620 
Flexural deformities 
acquired, 603-610, 604-610 
clinical manifestations, 603-605, 
604-606 

nutrition and, 383 
pathogenesis, 603, 6113 
treatment, 605-610, 607-hJO 
congenital, 599-603. 600-602 
dinkal manifestations, 599-600, 
600-601 

pathogenesis, 522 

treatment. 600-603, 601-602. I L2H 
definition, 830 

endochondral ossification and, 3KZ 
Fluid accumulation, ultrasonographic 
appearance, 313. Hi 

Ftumxin 

for antebrachial flexor compartment 
syndrome, 2&2 
for joint disease, 422 
for laminins, 654 
Fluorosis, 396-397. 437. 4 3 .S' 

Foal 

bucked knees, 842-843 
digital hyperextension, 598-599, 59V 
distal phalanx fractures, 691, 691. 694 
distal tarsitis or osteoarthritis, 942-945, 
943-945 

flexor tendon weakness, 598, 598 
generalized osteopenia, 435, 424 
hematogenous osteomyelitis, 407, 
429-430. AMI 
infective arthritis, 577. S79 
limb deformities, 830-831, 830-831, See 
also Angular linib deformities; 
Flexural deformities 

nutrition of, musculoskeletal development 
and disease and, 377-383 
nutritional myopathy, 379. 452 
osteochondrosis lesions, 387 
physitis, 408-410 
sheared heels, 684 
trimming and shoeing, 1100, 1 122, 
1140-1142, 1141-1142 
Focal spot-film distance, 186, 187 
Folic acid inhibitors, for equine protozoal 
myclocnccphalitis, U121 
Foot (feet}. See also Digit; Forefoot; 
Hindfoot; Hoof 
anatomy, 1- 11 

arterial supply, 14-15. 16. 17. 20. 21. 21 
breakover for. See Breakover 
bull-nosed, 97, 22 
buttress, 97-98, 98* 702* 702-703 
club, 28 

conformation, 96-98 
bull-nosed foot, 97. 28 
buttress foot, 97-98. 28 
club foot, 9& 

contracted foot or heel, 97. 22 
coon-footed, 98, 28 
flat feet, 22 

normal forefoot, 96-97. 22 
normal hindfoot, 97* 9? 
thin walls and sole, 28 
contracted, 97* 2Z 


dermal microcirculation, F5* 17, J2L 12 
flat, 22 

flight of. See Foot flight 
lameness, 645-71v Set also specific 
disorders 

avulsion injuries, 725-732 
canker, 718-719 
corns, 717-718 
cracks, 732 

distal phalanx fractures 690-697 
extensor process fractures, 697-701 
gravel, 71 5-714 
keratoma, 720-722 
laminitis, 645-662 
navicular bone fractures, 680-682 
navicular syndrome, 664-678 
pedal osteitis, 684-687 
penetrating wounds, 703-710 
pyramidal disease, 702-703 
quittor, 710-713 
selenium toxicosis, 723-725 
sheared heels, 682-684 
sidebones. 715-716 
sole bruises, 717-718 
subchondral hone cysts of distal 
phalanx, 688-690 
thrush, 719-720 
vertical tears of hoof wall. 233 
white line disease, 1117-1118 
landing pattern. 114 
mismatched, LL21 

palpation and manipulation, 122-128. 
> 22-128 

penetrating wounds, 703-710 
scintigraphic views, 353-354, 35J-354 
size, LL2 

venous drainage, IT, 12 
wry, 1111-1112. 1112 
Foot balance. See also Balance 
in lameness diagnosis, 123. L2J 
Foot flight 

are of. 104. 104, U4* lid 
forelimb, 120 
hmd limb, L21 

interference adjustments, 1137 
Foot pads, 1130-1131. 1132-1133 
for laminitis, 657-658, dM 
for navicular syndrome, 673, 676 
for pedal osteitis, 686 
Foot-pastern axis. See Hoof-pastcm axis 
Foot support, for laminitis, 657-658, bSX 
Footing, gait defects and, 108-109 
Force analysis, in Lameness diagnosis, 
181-182 

Forearm. See Antcbrachium 
Forefoot 

ground surface, d 
hoof pair symmetry, 1096 
hoof-pastcm axis, 96* 1090 
normal conformation, 96* 96-97 See 
also Foot (feet), conformation 
normal structures, 717 
scintigraphic views, 353-354, 353-354 
Forehand, balance and, 25 
Foreign body (its} 
fistulographv, 200-201. 201 
ultrasonography, 314. 314. 335 
Forelimb. See also Thoracic limb 
are: of foot flight, 120 
bones, 327 

conformation, 75* 80-92 
bandy-legged, 89* Ml 
base-narrow, 83. 6’4 
toe-in, S3* Sh 
toc-out, #5j. 86-87 


base-wide, 83* ILL 83 
roe-m, 85* US 
toc-out, 83* 85* 87, 87-88 
bench knees, 90. dll 
bowlegs. 89* l M 
bucked knees, S2L 82 
calf knees, 88. 88-89. Sd 
camped in from, 9J_, 92 
cut out under the knees, 9|, vi 
knock knees, 89* Mi 
long sloping pastern, 91* 22 
long upright pastern, 91-92. 22 
normal, 80, 80-81, &3 
open knees, 89. Ml 
pigeon-toed, 84-86. 85-86 
short upright pastern, 91* 92 
splay-footed, 86* 22 
standing under in front, 9]_* 9J 
tied-in knees, 90-91. 9J 
toc-m, 84-86, 85-86 
toe-out, 86. 22 
cranial view, 80, 80-81 
flexor tendons, 322 
intrasymivi.il anesthesia, 170-177. 

171- 176 

lateral view, ML 81-83. 82-81 
ligaments, 327 

nerve blocks. 161-164. 161-165, 
I62t-I63t. IM 

palpation and manipulation, 122-142. 

172 - 142 

scintigraphic views, 352 
standard foot flight, 1215 
ultrasonography, 318-321 

anular ligaments, 321. 3 14. 338- 139. 
140 

blood vessels, 32 I. 3 12-333. 335 
distal wsamoidean ligaments 321, 334, 
338-340 

distal to the fetlock 

longitudinal scans, 340, 140 
transverse scans, 338. i 18- 119 
flexor tendons and associated 
ligaments, 318-321. 319r 
longitudinal scans, 336, 336-337 
transverse scans, 326, 327-335 
suspensory ligament, 320. 129-117 
svnovi.il sheaths, 320. 33 3-334. 
i 18-140 

visual examination 
at exercise, 120* 120-121. 1201 
at rest, HZ* HI 

Forging. ifil* 105-106, 111, LllL L21 

causes, 106 

corrective shoeing, 1135. 1 135-11 36 
Four-point block above the fetlock, 
162-163. 1AL 163t 
Fourth carpal bone, J 
Fourth metacarpal bone. See also Splint 
bones 

exostosis, 818-821 
radiographic view 

dorvolatcral-palmaromedial oblique, 
246-247. 2 54-255 
dorsomcdial-palmarolatcral oblique, 
244-245 

dorsopalmar, 347-24 I 
Fourth metatarsal bone, radiographic view 
dorsolateral-plantaromcdial oblique, 
272-273. 282-283 
dorsomedial-plantarolatcral oblique. 
274-275 

dorsoplamar, 270-271, 280-281 
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Fracture(s), 417-427, 417-427. See also 
specific Ifona 
avulsion, 5 19 
tendon injuries and, 625 
as cause of lameness, 427. 428 
epiphyseal, classification, 405-407, 
406-408 

fatigue or stress. See Stress fracture 
fixation techniques, 421-427, 422-427. 
See also External fixation; Internal 
fixation 

healing, 420. 420-421 

intraarticular, 524-512. See also 

Osteochondral fragmentation; 
specific fractures and joints 
scintigraphy, 564. i6.f-- Jfe7 
stabilization and immobilization, 
417-420. 41 St, 4IV-42I 
Free radicals, in degenerative joint disease, 

422 

Frog 

apex, identification, 1047, 1097 
atrophy, 123, /24, 125 

described, 4, 5* S 
forefoot conformation and, 96-97 
preventive shoeing and, 1096 
support 

egg bar shoe with, 1227* 1127-1128 
for lamuuhs, 657—658, 658 
trimming, 1084, 1085 
Frog wedge test, in navicular syndrome. 

667.668 
Full bar shoe 

for distal phalanx fractures, 693, 693, 
fiM 

for sheared heels, 684 
Full-limb cast, for carpal joint luxations. 
859 

Full pads, 1131, LU2 
for bruised sole. 1117 
for navicular syndrome, H11 
Full-rim shoe, 1137, If 18 
Full-support pad, 1128 
Full-support shoe, 1127, 1127-1128 
Full thickness articular defect, repair, 475. 
475-476. 512 


Gaenslen's test, 1051 
Gait 

analysis, in lameness diagnosis, 117-118. 
181-182 
backing, 1HL 

canter (lope), 1 fffl-lOi . 101 

defects, 10*-1 i 1 
age and, 109-110 
balance, 106 

corrective and therapeutic trimming 
and shoeing. 1133.1136, 

iH4-m< 

cross firing, 106. 107 
factors affecting, 107-111 
forging, 105, 105-1"6. Ill 
interfering, 106-107, LU 
lateral, 106-107 
overreaching, 106, 106, 111 
scalping, 106. 107 
defined, LL0 
gallop (run), 101. III! 
jog, m 

natural, 98-101, 99-102 
pace, 92, 22 
trot, 98, 100, 101 
walk, n. 99 


Gallop, 101* UR 

Gamma camera, 349-350, 350, .15.1 

Ganglion, 588-589 

Gas 

rad.ographtc appearance, 206-207. 207 
ultrasonographic appearance, 313. Hi 
Gaskin. See Crus 

Gastrocnemius muscle, >8. 59, 59 
rupture, 450* 450, 979-982 

causes, 222 
prognosis. 982 

signs and diagnosis, 980. 980-98 f 
treatment. 980-982 

Gastrocnemius tendinitis, 978-979, 979 
Gastrocnemius tendon, 12 
hindlimb, ultrasonography. 321, 141 
ruprure, 625-626, 982-983, 983 
Gastrointestinal disorders, laminins and, 
646, 642 

Geiger Muller survey instrument, 348, 348 
Gctadnasc, in degenerative joint disease, 

4ZJ 

General anesthesia, myopathy and, 

452-453 

Generalized muscle atrophy, 444 

Genicular artery, 64, 62 

Gentamicin, for infective arthritis, 582t, 583 

Genu. See Srifle 

Genua) joint, lee Stifle joint 

Germinal zone, physis, 401-402 

Glenohumeral ligaments, 12 

Glenoid, osteochondritis dissecans, 

566-568. 912, 913 
Glue-on shoe. 1100, 1107 
Gluteal rise, in lameness diagnosis, 114, 
121-122 

Gluteal use, in stifle injury, 999-1000 
Gluteus accessorius muscle, 64* 65 
Gluteus medius muscle. £4» 61 
atrophy, 11 ~, 118 
Gluteus profundul muscle, 65, 66 
Gluteus superficialis muscle, ££, 61 
Glyceryl trinitrate, for laminiris, 655, 65ft 
Glycogen 

depletion, in itiusde, 443 
storage defect, 451-45? 

Glycoprotein, ill articular cartilage, 463 
G lycosaminoglyca n 
for joint disease, 514-.51 5 
methylprednisolone acetate treatment 
and. 501-50? 
polysulfated 
clinical use, 513 

intraarticular, complications, 513 
intramuscular, 513 
for joint disease. Iff, 511-51 3 
mechanism of action, 511-512 
for navicular syndrome, 677 
structure, 511. ill 

for superficial digital flexor tendinitis, 
616 

in vitro equine studies, 112 
in vivo studies, -512-513 
side chains, 462. 462 
Goat knees. See Bucked knees 
Gonitis. See Capsulitis 
Goose tump, 13 
Gooseneck, 1128. 1129 
Gracilis muscle, 67* 
fibrotic and ossifying myopathy, 
1032-1034 

Grain overload, laminiris and, 646 
Granular degeneration, 949 
Grass crack, 1115 
Grass founder, laminiris and, 649 


Grass tetany, 181 
Gravel, 713-714 
etiology, 713 

in lameness diagnosis, 127-128. L2M 
prognosis, 7)4 

signs and diagnosis, 713. 714 
treatment, 713-714, Z24 
Great metatarsal artery, 45.11 
Great metatarsal vein, 45* 46* 42 
Greater tubercle, j 
Grids, x-ray, 192, f93 
Grindelia stfuarrosa, selenium toxicity and, 
121 

Grooving, subchondral bune, in 

degenerative joint disease, 539, 
ill 

Growing horse, nutrition, 

Growth 

endochondral ossification and, 382 
osteochondrosis and, 548-549 
retardation, for angular limb deformities, 

413. 414 

stimulation, for angular limb deformities, 
412-413 
Growth factor 
in articular cartilage, 465 
in subchondral bone, 46.5 
Growth plate. See Physis 
Gutierrezm sarotbral, selenium toxicity and, 
221 


Hair toss, selenium tnxicitv and, 723, 724 
Half-round shoe, 1099. 1099. 11 U 
Half-shoe 

for dub foot, 1120 
for dorsal-palmar balance, 1123 
Hamstring pull, 147 

Hand walking, for traumatic synovitis and 
capsulitis, 491 

Handler, during lameness examination, 118. 

U9 

Harness-race horses, distal tarsitis 
syndrome, 946-947 
Haversian canal, 428 
Head 

conformation, 75, 80 
movement 

in forelimb lameness, 120, 120t 
in hindlimb lameness, 121 
Healing 

articular cartilage, in young horse, 47& 
definition, 475 
fracture, 420, 420-421 
tendon, 597-598 

Heart har/egg bar shoe. 1127, 1127-1128 
Heart bar shoe 
with gooseneck, 1128, 1129 
for laminitis, 658 
uses, 1128. 1128 
Heel 

anatomy, 2*4 

angle, roe angle and, 1089. 109© 
contracted, 97* 97, L1QS=J 110* 
1109-1110 
cracks, 732 

elevation, for laminitis, 6.58. 638 
expansion, for contracted heels, 1110 
floating 

for heel cracks, 1115, 1115 
for sheared heels, 1112, 1/13 
forefoot conformation and, 2fe 
high, in osteochondrosis of 

scapulohumeral joint, 911, 911 
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sheared. See Sheared h«c1|s) 
of shoe, WM 
slippered, 1109. I 110 
underrun, 1089. 1090. 1 10|. 1101. 

liio-i l u, m i. im 
Heel bulb 
anatomy, i 

contraction, in lameness diagnosis, 123. 
123. 124. 125 

Heel shields, for lost shoe, 1122 

Heel support, shoe and, 1 101, 1102. 1103 

Heel wedge 

for distal phalanx fractures, 62J 
for laminitis, 658, ft n .S' 

Height, defined, LLU 
Hemangiosarcoma, tendon sheath, 635 
Hematogenous infective arthritis, 5Z2 
Hematogenous osteomyelitis, 407, 

429-430. 430 
Hematoma 

after muscle rupture, 450. ±SJ 
of synovial membrane, 592-593. 593 
ultrasonography, 315. 215 
Hemtcircumfcrcntial transection of the 
periosteum, 412-413 
for carpal angular deformities, 836-838. 
412 

for fetlock angular deformities. 793. 794. 
795 

Hcmorheologic agents, for navicular 
syndrome, 676—677 
Heparin, for laminim, 655-656 
Hereditary multiple exostosis, 438-439. 
ii9 

Hernia 
muscle, 1511 
tendon sheath, 635 
Herpes virus type 1072-1073 
Hcutcr-Volkmann law of physeal growth, 
404, 404 

High heel, in osteochondrosis of 

scapulohumeral joint, 911, 911 
High-low syndrome, 1121 
High palmar nerve block, 163, LhA 
High ringbone. See Proximal 

intcrphalangcal joint, degenerative 
joint disease 

Hindfoot 
ground surface, 2 
hoof pair symmetry, 1096 
hoof-pastern axis, 97* 1090 
normal conformation, 97* 22. See also 
Foot (feet), conformation 
Hindlimb. See alsn Pelvic limb 
arc of foot flight, 121 
asymmetric, 9J* 25 
caudal view, 94* 94-9ft 
conformation, 75* 9?-9ft 
base-narrow, 96* 26 
base-narrow from fetlocks down, 26 
base-wide, 9ft. 26 
camped behind, 94* 25 
excessive angulation of the hock, 93, 

25 

excessively straight limbs (straight 
behind), 93* 21 

medial deviation of the hock, 9ft. 26 
normal, 22* 92-94. 22 
standing under behind. 93* 25 
bock flexion test, 146-147. 147. Li& 
intrasvnovial anesthesia, 177-180. 
* 77-181 

lateral view, 92-94. 97-94 
nerve blocks, 165-167. Ift8 
palpation and manipulation, 142- 154, 
*47-154 


scintigraphic views, 353, 353 
standard foot flight, lili 
synovial osteochondroma, 1027 
ultrasonography, 371 - 327. 
longitudinal scans, 345. 345 
transverse scans, 341. 141-344 
visual examination 
at exercise, 121. 121-122 
at rest, 117. LL& 

Hindquarters, balance and, 25 
Hip. 65-70 
blood supply, 62* 62 
caudal aspect, 62 
cranial aspect, 62 
crepitation, Lil 
dysplasia, 592* 1043 
knocked-down, 1045, 1047 
lateral aspect, 64, 65-ft7, 66 
length, 75* 78* 21 
luxation, 153, 154 
medial aspect, 67* 61 
movement evaluation, 121-122 
palpation and manipulation, 153. 154 
Hip hike. LL2 
Hip joint 

dislocation. See Coxofemora) joint, 
luxation 

intrasynovial anesthesia, 181). 1 1S t 
joint capsule, M. 62 
ligaments 61* 62 
movements, fc9 
Hock. See Tarsus 
Hock angles, small, 93* 25 
Hock flexion test, 146-147, 14 7 . 148. 933. 
933-934 

Hoof 

abnormalitics, in navicular syndrome, 

665, 667 
anatomy, 1-11 
angle 

high, 1091, 1092-1093 
hoof pair symmetry, 1096 
ideal, 1090. 1091 
low. 1090. 1091, 1092, 1092 
measurement, 1087, 1089-1090 
angle of the sole, 4, Z 
angle of the toe, 2* 41 
bruises, corns, and abscesses, 1115-1117, 
1117 

centered, 1137, LLil 
damaged, I IQ7, 1107 
expansion. 1101. 1101. LU2Z 
force measurements, L&2 
forctimb conformation and, £_L 83. 

f ro &. i* L & 

ground surface, 2* 2. 7* £ 
horn of the sole, 7, 5 
length, 109J 

pigmentation, strength and, I 
poor quality, 11Q7- i ins 
problems and treatment, 11Q7-1122 
canker, 1118-llli 
close or hot nail, 1117, 11 IS 
club foot, 1120 
contracted heels, 1109-1110, 
1109 - 11/0 ‘ 

distal phalanx fractures, 1119, 
1119-1120 

long toe, low heel hoof angle, 
1 H0-11 11- LLLL 
lost shoes, 1121-1122. LL22 
mismatched feet. LL2J 
navicular syndrome, 1111 
sheared heels and quarters, 1112-1113, 
1H3 


thrush, 1117 

underrun heels, 11)0-1111, 1111 
white line disease, 1117-1118 
pyramidal distortion. See Buttress foot 
relationships to corium, 1* 5 
repair materials, 1 107. 1114 
shape 

corrective and therapeutic trimming 
and shoeing, 1123. 1125, 
1125-1126 

poor, IM 6- 1108, LLUll 

preventive trimming and shoeing, 1096, 

m9ft 

taping, 1084 

water content, mechanical properties and, 
I 

wry. 1111-1112. 1112 
Hoof care 

for bone spavin, 936 
for lamiititis, 656—6.39, ft f9 
for navicular syndrome, 672-675, 
672-676, LLU 
neglect, 1107 
Hoof dressing, 1108 
Hoof groover, in penetrating wounds of 
foot, 707, 709 

Hoof packing, for protection, 1131-1132 
Hoof pads. See Foot pads 
Hoof pairs symmetry, 1096 
Hoof-pastern axis 

broken hack, 665, 667, 1090. 109/, 

1092, 1092 

corrective trimming and shoeing for, 
LLLL 1123. I I2S 
in navicular syndrome, 665, 667 
broken forward’ 1091, 1092-1093 
determination, 1090. 1091 
normal, 96* 97* 109Q, 1091 
Hoof protractor, 1087, 1089 
Hoof tester 

in lameness diagnosis, 116, 125. LLL 132 
in navicular syndrome, 666-667, ftftX 
Hoof wall 

avulsion injuries, 725-732 
cornification, 5 
coronary region, 5-6, ft, 8 
cracks, 121. 723, 724, 732, 1113-11 LL 
LLLLJ-LLu 
grass, 1115 

horizontal (Mowout), 1113-1114, 
t 114 

incomplete (sand), 1114. 1114 
surface, 1115 

treatment, 1114-1113. 1115-/116 
dished, 106* 1086. 1123. 1125-1126 
epidermis, 2* 5 
flares, 108ft. 1108. LLU 
growth, 2 

interdigitation of corial and epidermal 
laminae. 6*f*. Z 
layers, 3-6, 6 
levdncss, 1095, 1095 
microcirculation, Li 
nipping, 1084, 1085 
percussion, 12ft. 122 
periople, £l, Z 
rasping, 1084, 1085 
regions, 2* A 5 

resection, for laminitis, 661. titii 

rings, 122, 122 

shoe contact with, 1 H>3 

symmetry, 2 

thin. 25 

vertical tears, 733, ZH 
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Horn spur, in avulsion injurid, 726, 727 
Horn tubules, 

Horny chestnut. 29j £2 
Horny ergot of the fetlock, M 
Horses, classification, 73, Zd 
Horseshoe. See Shoe(s) 

Horseshoe nail. See Nad(s) 

Humeral head, osteochondritis dissecans, 
St>fe-s6K. 570, 912, 912, 91J 
Humeroradial joint. See Elbow 
liumcroulnar joint, radiographic view 
craniocaudal, 266—267 
med bilateral, 264-2fr 5 
Humerus 

fore limb conformation and, Si 
fractures, 895-902 
causes, M3 
diagnosis, 896, H98, 
prognosis, 902 

radial nerve paralysis and, 90.1 
signs, 895-896, 896-898 
treatment, 898-902 

non surgical, 898-899. 898-899 
surgical, 899-9Q2. mi=mi 

types. Mi 
head of. 2 
lameness 

fractures, 895-902 
radial nerve paralysis, 903-904 
physeal closure, 4.1. 43t 
radiographic view, mcdiolatcral, 

2fa4-265. 268-269 
shaft of, J 

I lunter horse, 2d 
Hunter's hump, 154 

in sacroiliac joint subluxation, 1050, 
tOSO, 1051 

Hyaline degeneration, 444 
Hyalumnari 

for bog spavin, 949 

for chronic proliferative synovitis, 518 

cross-linked, 508-509 

endogenous 

functions, 465, 481-482, 505-506 
normal valors, 505 
synthesis, 461. 505 
exogenous 

antiinflammatory effects, 506. 506-507 
cartilage healing effects, 507 
clinical use, 507- 509 
mechanism of action, 506, 506- 507 
molecular weight and, 507 
for infective arthritis, 585 
intravenous, 509 

for joint disease, 505- 506. 305-509 
for navicular syndrome. 622 
structure, 505, 505 
for superficial digital flexor tendinitis, 
615-616 
viscosity, 482 

for viscosupplcmrntation, 508-509 
Hyaluronic acid. .See Hyaluronan 
1 lydrogen peroxide, in degenerative joint 
disease, 472 

Hydrostatic lubrication, of synovial joints, 

465 

Hydrotherapy, for traumatic synovitis and 
capsulitis, 49,3 

Hydroxyl radicals, in degenerative joint 
disease, 472 

Hygroma, of carpus, 135, i ?6. 641-645, 
642. 83^ 845-847 


Hypercalcemia, m secondary 

hyperparathyroidism, 393 
Hypercchotc ultrasonographic appearance, 

515. 3i3 

Hvpcrkalcmic periodic paralysis, 391-392. 

449.451 

diagnosis, 447, 449 
treatment, 392 
Hyperlipidemia, 377 
Hyperpa rathyroidism 
primary, 392-393 
pseudo-, 393 
secondary, 392-394 
causes, 393 
clinical signs, 393 

nutritional, 392-394. 440. 440-44.1 
radiographic changes, 393-394 
treatment, 394 

Hypertension, venous, in navicular 
syndrome, 661 

Hyperthermia, evaluation for, 159-160 
Hypertrophy, rone of, physts, 402 
Hypocalcemia, 381-382 
Hypocakemic tetany 
in mare or foal, 381 
in mature horse. Ml 
treatment, M2 

Hypocchoic ultrasonographic appearance, 

313. 313 

Hypomagnrscmic tetany, 381 -.382 
Hypothyroidism, 378. Ml 
exertional rhabdomyoJysis syndrome and, 

390 

in foal, 381 

iodine intake and, 381 

protein deficiency and, during pregnancy, 

m 


Ice nails, for traction, 1139. 1139, 1140 
Idiopathic synovitis. See Bog spavin 
Idiopathic tenosynovitis, 630—63.', All 
Iliac artery, thrombosis, 1->H .1045 
Iliolumbar vessels, 66, 

Iliopsoas muscle, palpation, 159. 159 
Ilium 

fracture, 1045 
physeal closure, 70t 
radiographic view 

ventrodorsal, 296-297 
ventromedial-dorsolateral oblique, 
298-299 

Imaging techniques, 110-181, 185-375, See 
also Radiology 
Immobilization 

for fractures, 417-420, 418t. 419-421 
for severed tendons, 629, 629 
for rraumatic synovitis and capsulitis, 493 
Immune-media ted joint disease, 589- 591 
Immunostimulams, for equine protozoal 
myelocncephalitis, 1HZ2 
Impression material, for hoof packing, 

1131-1132 

Impulsion, defined, ] 111 
Infectious myositis, M£ 

Infectious osteitis, 428-429. 423 , 

Infectious physitis, 407, 433 
Infectious tenosynovitis, 632. 6.13-634 
Infective arthritis, 577—587 
adjunctive medical treatment, 585-586 
clinical signs and diagnosis, 579-581, 
579-582 


definition, 577 
epidemiology, 578 
in fuatx, 577, 579 
hematogenous, SZZ 
iatrogenic, 578 
with osteomyelitis, 577. 579 
pathobiolugv, iZS. 578-579 
prognosis, 586, 586-587 
radiographic changes, ill. 213 
synovial fluid analysts, 579, 581, 581 
traumatic, 577-578 
treatment, 582-585, 582r 
white blood cell count, 484, 581 
Inferior check ligament. See under 
Accessory ligament 
Inflammation, muscle, 446-447 
Inflammatory phase, fracture healing, 421 
Infrared radiation, thermographic detection, 
3tO, 310-311 
Infrared thermometer, 181 
Infraspinatus humus, 910, *>19 
Infraspinatus muscle, Ms M 
atrophy. See Sweeney 
Infraspinous fossa, J 
Inner venous plexus, 17» UL 
Insulin, osteochondrosis and. 552 
Intensifying screens, x-rav, 189-192. 

190-19/, |92t 
IntercarpaJ joint, 22 
intrasynovia I anesthesia, 173-174, 
174-175 

Interfering, 106-107. 1 ) 1 
corrective trimming and shoeing for, 
1136-1137, IJ37-II38 
in forclimb lameness. 120, 121 
protective boots for, 107 
Interleukin-1. in degenerative joint disease, 
172-473 

Interleukin I receptor antagonist, 517, Ml 
Intermediate carpal bone, 1 
Inter medullary pinning, for humeral 
fractures. 90fc*. 900 
Internal fixation, 421-42", 4??--427 
for accessory carpal bone fractures, 862, 
861 

for bone spavin, 939, 939-940 
for carpal comminuted fractures, 

856-857, m=ML 

for carpal slab fractures, 855, 855-856 
for condylar fractures of third metacarpal 
bone, 808, 809-811, 810 
for distal phalanx fractures, 695-696, 
695-696 

for dorsal metacarpal fracture. 803-804, 

801-804 

for extensor process fractures, 700-701, 

700-701 

for femoral fractures, 1029-1030, t030, 
1031 

for humeral fractures, 899-902. wmi- urn 

for middle phalanx fractures, 748-749 
for osteochondral fractures of proximal 
phalanx, 771. 772 
for pastern arthrodesis, 739, 74(1 
for patellar fracture, 1012-1013 
for penetrating wounds of foot, 709, 709 
principles, 421-426, 422-427 
for proximal phalanx fractures. 759-760. 

759-761, 762, 763 
for proximal sesamoid bone fracture, 

780. 780-781 

for proximal tibial physjs fractures, 989, 
989 
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for radial fractures, 875. 875-876 
for scapular fractures, 926 
for slab and sagittal fractures of central 
and third tarsal hones, V57—V 
for splint hone fractures, 825. 829. 825, 
825. 826 

for supraglenoid tubercle fractures, 928. 

for suspensory apparatus rupture, 788, 
788, 2Ji!i 

for third metacarpal bone fractures, 81J, 

m 

for tibial crest fractures, 990, 991 
for tibial fractures, 994-995, 994-995 
for ulnar fractures, 884-88", 8X5-887 
Interosseus ligament of forearm, 
ossification, 2i 

Interosseus mcdius muscle. See Suspensory 
ligament 

Intcrphalangral joints, flexion tests, 152, 

122 

lntertars.il joints, 54-55 
luxation, 522, 525 
Intcrtransversc joints, ZfL 22 
Intertuhercular bursa. See Bicipital bursa 
Intervertebral disc, 70, 22 
Intervertebral fusion, for cervical vertebral 
malformation, 1068- 1069. 
1069-1070 

Intirna, of synovial membrane, 460. doO 
Intraarticular antibiotic, for infective 
arthritis, 585. 585 

Intraarticular fracture, 524-552. See also 
Osteochondral fragmentation; 
specific fractures and faints 
Intramedullary decompression uf distal 

tarsal bones, for bone spavin, 940 
Intramedullary pinning, for femoral 

fractures, 1029-1050, 1050. 1051 
Intrasvnovial anesthesia, 168-180. 
169t-!70t 
agents used, 169 
evaluation, l*9-l~n 
forclimb, 170-177. 171-176 
hindlimb, 177-ISO. 177-1X1 
preparation, 169 
in stifle injury, HH hi-1001 
Intravenous digital perfusion, for 

penetrating wounds of foot, 709 
Intrinsic repair, of articular cartilage, 475 
Iodine 

deficiency. IKi 
for olecranon bursitis, 894 
for patellar upward fixation, 1025 
toxicity, 581 
Ion chamber, 548, 548 
Ischial tuberosity, lesions, 1048, 1048-1049 
Ischia tic nerve, ££, 66-67 
Ischium 

physeal closure, 70t 
radiographic view 

ventrodorsal, 296-297 
ventromedial-dorsolateral oblique, 
298-299 
Isoxsuprine 
for lamtnim, 655 
for navicular syndrome, 676-677 


Jar calk, 199 
Jog, till 


Joint! sj 

alignment abnormalities, radiographic 
interpretation, 212-215 
arthrography, 201-202, 202. 2£ii 
articular cartilage in. See Articular 
cartilage 

classification, 4 a 9 
disease, 459-467. See also specific 
diseases 

chronic proliferative synovitis, 

517- 518. 518 

congenital anomalies, 591-592, 592 
degenerative, s 3 3-541 
developmental orthopedic disease, 

545=544 

diagnosis, 4~ , n-4X8 See also Diagnosis 
of joint disease 
ganglion, 588-589 
idiopathic synovitis, 489-490, 

489-490 

immune-mediated, 589-591 
infective arthritis, 577-587 
intraarticular fractures, 524-552 
medications, 494-517 
hyaluronan, 505-506. 505-509 
intraarticular corticosteroids, 
498-505. 500 
new horizons, 516-517 
nonsteroidal antiinflammatory drugs, 
494-498, 4111 

polvsulfaied polysaccharides, 511, 
<11-515 

mem seal rears, 525-524, 524 
osteochondritis dissecans, 556-568 
osteochondrosis, 544-555 
sprains and luxations, 518-525 
subchondral hone cysts, 569-576 
synovectomy, 517 
synovial fistula, 588-589 
synovial hernia, 588-589, 589, 590 
traumatic, 2 15-214, 2 14 
traumatic arthritis, 491-494 
traumatic synovitis and capsulitis, 
491-494 

tumors, 592-595. 592-591 
emhryologie development and 

maturation, 466. 466-467 
Ilex ton angles, in lameness diagnosis, 1 Li 
genera! anatomy, 459-460. ihll 
intrasynovia I anesthesia, 168-180. I69t 
lubrication and shock absorption, 465 
pathobiolugy and reactions to injury, 

467, 469, 469-476 
radiology 

disease and, 210-214. 211-214 
normal structure, 210-211 
synovial, 210-214. 210-214 
subchondral hone. 465-466 
synovial membrane structure and 

function. 460-461, 460-461 
ultrasonographv, 515-516. 522-525. 

525. 481 
Joint capsule 

fibrous portion, 459-460. 460 
pain fibers, 4 59-460 
reactions to injury, 467. 469 
synovial membrane, 460-461, 460-46/ 
Joint drainage, for infective arthritis, 
585-585 

Joint effusion, ultrasonography, 522. 525 
Joint lavage 

for degenerative joint disease, 540 

for infective arthritis, 584-585 

for traumatic synovitis and capsulitis, 494 


Joint space, radiographic interpretation, 

^ 11 , 212.211 

Joint surgery, arthrofibrosis after, >24 
Juvenile spavin, 414. £IS 


Keg shoe, 1101, 1105 
Krratan sulfate, 462. 46 ?. AM 
Keratoma, 720-722 
avulsion injury of foot and, 751, 752 
clinical signs and diagnosis, 720, 721 
etiology, 720 
prognosis, 722 
treatment, 721-722, 722 
Ketoprofen (Kctnfcn) 
for joint disease, 49"-498 
for laminitis, 654 
Kilo voltage, LM 
Kimzey splint, 788 

Klimcsh CVT gasket pad technique, for 
hoof packing, 1 I 52 

Knee(s) 

bench, 819,819 
bucked. 841-843 
calf, fUL 88-89. an 
cur out under, 91. 21 
hyperextended, 88-89 
knock. See Carpus valgus 
offset, 91^ 2a 
open, 89^ 2 II 
sprung, 89 
ried-in, 90-91, 21 
Knee hitting. L21 

Knee-narrow conformation, 89, 2a 
Knee splints, 818. 819 
Knock knees. See Carpus valgus 
Knocked-down hip, in pelvic fractures, 
1045. 1047 


l-jbciing systems, lor x-ray, 192. 193. L2i 
Laceration 

muscle, 449. 44'» 
tendon sheath, 6 34 
lactation tetany, 28J 

Lactic dehydrogenase, in synovial fluid, 485 
lag screw fixation 

for accessory carpal bone fractures, 862, 
XV, i 

for carpal slab fractures, 855. 855-856 
for condylar fractures of third metacarpal 
bone. 808, 809-810, 810 
for distal phalanx fractures, 695-696, 
695-696 

for dorsal metacarpal fracture, 80 3-804. 
X01-V04 

for extensor process fractures, 700-701, 
700-701 

for femoral fractures, 1050. I0JI 
for osteochondral fractures of proximal 
phalanx, 771, 772 

fur penetrating wounds of foot, 709, 709 
principles, 422-425. 422-426 
for proximal phalanx fractures, 759-760, 
759-761. 762, 765 
for proximal sesamoid hone fracture, 

780, 78Q-7K1 

screws for, 422-425, 423-424 
for splint bone fractures, 82.5, 824. 825, 
825, 826 

for third metacarpal bone fractures, 814 
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Lameness 

activities associated with, 114-115, 115t 

in antehrachium, 

in carpus, 840—863 

causes, I l ■*-1 1ta 

classification, LLJ 

complementary (compensatory), I I 5 
in coxofemoral joint, 1037-1044 
defined, LL_L 

diagnosis. See Diagnosis of lameness 

in elbow, >T9-K94 

in fetlock, 768-799 

in foot, 644-711i 

fractures as cause, 427. 475 

grading system, 122. 122t 

in humerus, 895-904 

mechanical versus neurologic, 113 

in metacarpus and metatarsus, 800-824 

mixed, 11 4 

muscle problems and, 1062-1064 

in pastern, 711-768 

in pelvis, 1044-1051 

in shoulder, 905-910 

sites, 114-115 

in stifle. 999-1027 

supporting limb, 10 

swinging limb, 1 LI 

in tarsus, 410-987 

in thoracolumbar spine, 1054-1061 

in tibia, 9X7.998 

Wobbler syndrome and. 1061-1077 
Lamina 

epidermal, hyperplasia, lamimris and, 
646. 648. 642 

sensitive (dermal), arteriovenous 

anastomoses in. 15. 17. 11L 12 
laminins and, 646, 647-648 
Liminar curium of hoof wall, 4, 6 

Laminar veins, Li 
laminectomy, for cervical vertebral 
malformation, 1069 
laminins, 644-662 
acute, 649-650, 650 
chronic, 650-652. 6t1-65? 
clinical signs. 649-652. 640-6 52 
definition, 645 

diagnosis, 652-654, 651-6 54 
do pa mm agonists, 646 
etiopathogcncsis, 64 5-644 

endotox i n - ind uced microthromhosis, 
645-646 

vascular alterations, 646-649. 
647-648 

grades of severity, 650 
histopathology, 649, 649 
predisposing factors. 649 
prevention, 654 
prognosis, 661 -662 
refractory, 649 
scintigraphy, 164. 166 
serotonin antagonists, 656 
subacute, 649 
treatment 

anticoagulation, 655-656 
antiendotoxin, 655 
dietary supplementation, 646 
dimethyl sulfoxide, 654 
goals, 654 

hoof care, 656-659, 6 56-659 
nonsteroidal antiinflammatory drugs, 
654 

surgical, 659-661, 660-661 
vasodilation, 655, hSh 
Landing 

interference adjustments, U37 
in tameness diagnosis, 1 LI 


Landing phase, 101, ILL! 

Large dorsal metatarsal artery 111, 45. 21 
Laser therapy 

for superficial digital flexor tendinitis, 

612 

for traumatic synovitis and capsulitis, 491 
lateral circumflex femoral artery, 62 
Lateral collateral ligament 
of carpal joint, 26* IS. 
of elbow, rupture, 888, 889 
of femorotihial joint, 12 
of tarsal joint, 52, 53, 54 
ultrasonography, 124 
Lateral cutaneous antebrachial nerve, 26. 
29-10. 36 t 40 

Lateral cutaneous sural nerve, 59^ &1 
Lateral digital extensor muscle, 45, 21 
pelvic limb, 43, 12 
in stringhalt, 981 
thoracic limb, 23, 28,10, 32 
Lateral digital extensor tendon 

transection, for stringhalt, 984. 984-98 5 
ultrasonography, 121-124 
Lateral dorsal metatarsal nerves, 4^ 4_L 22 
Lateral epicondyle, J 

Lateral femoral condyle, subchondral bone 
cysts, 1007-1010 

Lateral fcmoropatellar ligament, 59. 6J 
Lateral femoronhtal joint, intrasynovial 
anesthesia, 179t LZ1L LSD. 

Lateral gait defects, 1 06-107 
Literal head of the gastrocnemius muscle, 
57, 5JL SX 

Lateral malleolus, fractures, 530. UJ 
Lateral meniscus, of stifle, injury, 
1019-1021. imn 
Lateral palmar artery, 24, 22 
lateral palmar nerve. 17, 2J_, 23. 33 
block, at level of middle carpal joint, 164, 
LCiA 

lateral patellar ligament, 51, 52 
Lateral plantar artery, 12 
lateral plantar nerve, £L 42 
Lateral styloid process, i 
Lateral tendon of the pcroncus tertius 
muscle, 20 

lateral thoracic nerve, 22L 32 
Larissimus dorsi muscle, 37, 18 
Lead aprons. 197, 197, 198, 349, 349 
Lead gloves, 197, 197, 198 
Lead sheets, 312. 

Lead syringe shields, 348, 349, 349 
Lead thyroid shield, 349, 349 
Left-right balance, gait defects and, 106 
Leg, true. See Crus 
Leg Saver splint, 787, 788 
Lrvamisolc, for equine protozoal 
myclorncephalms, 1072 
Lcvelness, preventive shoeing and, 1095, 
1095 

Lidocainc, for local anesthesia. 160 
Ligament(s), See also specific ligaments 
inflammation. See Desmitis 
structure, 594 
versus tendons, 594 

ultrasonography, 315-316. 324-325, 322 
Ligament of the ergot, 12, 20 
l igament of the head of the femur, 68, 62 
Limb contact problems, 120. 120-121 
Limb length, balance and, 76, 78 
Liniment, tor traumatic synovitis and 
capsulitis, 491-494 

lank protein, in articular cartilage, 4fe3 
Loading phase, 102, 1 03 


laical anesthesia, 160-18tl 
agents used, 160 

direct infiltration of sensitive arras, 
167-168 

field blocks, 161, 162, 162, 162 
intrasynovial injection, 168-180. 
169t-170t 

forelimb, 170-177. IZUlIh 
hmdJimb, 177-180. 177-18/ 
perineural infiltration 

forelimh, 161-164. 161-165. 

162t-163t, 166 
hmdlimb, 165-167, 168 
preparation, 160 

Localized muscle atrophy, 444-445. 44 5 
Locking loop tendon suture, 628, 629 
Locomotor organs, anatomy. See under 
Anatomy 

Loin, conformation evaluation, 79, 79-80 
Long collateral ligament, uhrasonographv, 
323 

Long digital extensor bursa, position and 
clinical significance, 64It 
Long digital extensor muscle, 43, 45. 45. 

1L li 

Long digital extensor tendon, 47-48. 50 
origin, avulsion, LtlLS 
Long digital flexor tendon, 47, 59, 12 

Long head of the triceps brachii muscle, 35, 
36 

Long plantar ligament, 52, 12 

Long sloping pastern, 91, 22 

Long toe, low heel hoof angle, 103-104, 

104 

treatment, 1110-1111, LLLL 1123 
Long upright pastern, 91-92. 22 
Longissimus muscle 
conformation evaluation, 79, Z2 
myositis, 449-500, 1062 
Lope, iOO-IOI. HU 

Low palmar nerve block, 162-163. 163. 
J63t 

Lower limb length, balance and, 76, 78 
Lubrication, of synovial joints, 465 
Luxation, 521-523. 522-523 
Lysosomal proteinase, in degenerative joint 
disease, 222 


Macbaeranthera, selenium toxicity and, 321 
Magnesium sulfate, for gravel, 713-714 
Magnetic resonance imaging, 309, 309-310 
in infective arthritis, 122 
in joint disease, 221 
in navicular syndrome, 672 
in stifle injury, 1001 
Manganese deficiency, 379-380 
Manica flexoria, L2 
Manipulation, for back disease, 1057 
Manipulation text, hack, 157, I 58 
Marcainc, for local anesthesia, 160 
Marc 

nutrition, during pregnancy and lactation, 
377-383 

obesity, 377-378 
weight reduction in, timing, 328 
Marking systems, x-ray, 192. 193. 195 
Mass-average diameter, 594 
exercise and, 597 

Mamlvsm, in degenerative joint disease, 

221 

Matrix How, in articular cartilage repair, 
221 
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Mature horse 
nutrition, .188-197 
selenium deficiency, 380 
Mechanical factors, in degenerative |oint 
disease, 473-474 

Mechanical stress, osteochondrosis and, 549 
Mcclofcnamtc acid, for joint disease, 492 
Medial circumflex femoral artery. 62 
Medial collateral ligament 
of carpal joint, 26 ± 21 £ 
of cubital joint, XL 34 
of elbow, rupture, 888, 888-889 
examination, 152. 152 
of tarsal joint, XL 52-5.1. £1 
test, 152. LS2 

Medial cutaneous antebrachial nerve, 19. 

22, XL ZL IfL JO, XL i2 
block, 165* 1** 

Medial dorsal metatarsal nerve, 46, 42 
Medial femorotibial joint 

intrasynovial anesthesia, 179. 179. UU1 
palpation, 147. 149. 150 
subchondral bone cysts, 1007-1410 
Medial-lateral balance 
gait defects and, 106 
preventive trimming and shoeing for. 

Medial meniscus, in stifle, injury, 
1019-1021. 1020. 1021 
Medial of the hock conformation, 96, 94 
Medial palmar artery, 23, 2A 
Medial palmar digital nerve. Set Palmar 
digital nerve 

Medial palmar intercarpal ligament, tearing, 
519-521. 521 

Medial palmar nerve, [7, 20, 23. 33 
Medial palmar vein, 21L 2d 
Medial patellar ligament, 5L 52. 

Medial plantar artery. 43 
Medial plantar nerve, 4f». 41 
Medial saphenous vein, 46, 58. 6? 

Medial tendon of the tibialis cranialis 
muscle, 49, 52 

Medial tibial condyle, fracture, 1015. 1016 
Median artery, JJ 
Median cubital vein, 30. 33 
Median nerve, XL XL J5* 39 
block, 165. 2*6 " 

Median vein, ii 
Mcdioplantar pouch, 52 
Melanoma, involving dhow and shoulder, 
522 

Meniscofemoral ligament, (*0. 64 
Meniscus 

of femorotibial joint, ftfl, 63-64. 

521-324. 124 

radiographic examination, 1020. 1.02.0 
of stifle, 1019-1021, 1Q2Q-LQZ1 
tears, 523-524. 124 
ultrasonography, 311 
Mcphenesin, for stringhalt, 285 
Mcpivacaine 

for intrasynovial anesthesia, 169 
for local anesthesia, 160 
Mesh technique, for superficial digital flexor 
tendon dislocation, 975. 975-976 
Mesotendun, 595 
Metacarpal groove, 24 
Metacarpophalangeal joint, 1 
acquired flexural deformities 
clinical manifestations, 604-605, 
605-606 

treatment, 606, 608. 609-610. 61Q 


anatomy, 14 

angular limb deformities, 793-796 
bursa, 14 

intrasynovial anesthesia, 172-173. 

174-174 
joint capsule, 14 
luxation, 790-797 
osteochondritis dissecans, 562-56.1 
radiographic view 

dorsolateral-palma romedta I obi ique, 
214-215 

dorsopruximal-palmarodistal, 232-233 
flexed lateromedial, 230-231 
lareromcdial, 228-229 
stabilization, 4J 

synovitis and capsulitis, 491. 492. 422 
windpuffs, 489. 490 
Metacarpus 
anatomy, 7.1-75 
dorsal aspect, 21 
lameness, 8 00=8 2 9 
angular limb deformities of third 
metacarpal diaphvsis and, 

817-818 

associated with suspensory ligament, 
826-829 

condylar fractures of third metacarpal 
bone, 805-811 

periostitis and fracture of dorsal 
metacarpus. 800-805 
splint bone fractures, 871-876 
•splints” and, 818-8 21 
stress fractures, 800—805 
third metacarpal bone fracrures and, 
811-816 

medial and lateral aspects, 20, 2J_, 21-24 
palmar aspect, 24, 24-25. 21 
palpation and manipulation, 132-133, 
H1-M4 

physcal injuries, 405-406 
radiographic view 

dorsolateral-paImaromcdial oblique, 
246-247 

dorsomcdial'palmarolateral oblique, 
2H-24S 

dorsopalmar, 2A2=241 
lateromedial, 740-741 
stress fractures, 800=805 
subchondral bone cysts, 785. 785-786 
Mctalloprotcina sc 
activation, 471 
in laminins, 642 

in degenerative joint disease, 470-477 
inhibition, 421 

Metaphyseal growth, asynchronous, angular 
limb deformities and, 410-413, 
4/2-414 

Metaphyseal growth plates. See Physts 
Meta physis, 401, 402 
Metatarsophalangeal joint, 42 
angular limb deformities, 793-796 
chondrosarcoma, 597 
intrasynovial anesthesia, 172-173. 
173-174 

luxation, 790-797 
osteochondritis dissecans, 562-561 
Metatarsus, 41, ii, 45, 42 
dorsal aspect, 45, 42 
lameness. See Metacarpus, lameness 
lateral aspect, 45, 42 
medial aspect, 46, 47, 42 
physcal injuries, 405-406 
plantar aspect, 42 


radiographic view 

dorsolateral • planta romedta I obliq ue, 

272-273 

dorsomedial-plantarotateral oblique, 

774-775 

dorsoplantar, 270-271 
stress fracture, 804 
Methionine, for laminitis, 656 
Methvlene diphosphonate, technetium' 
99m-labcled, 347 
Methylprcdnisolone acetate 
for bone spavin, 936 

effect on proteoglycan synthesis, 49 5 -49 6 
for joint disease, 300-50? 
for navicular syndrome, 676 
for subchondral bone cysts, 574 
Mctrenperone, for navicular syndrome. 6ZZ 
Metritis, laminitis and, 646 
Metronidazole, for canker, 719 
Mkrotbrom hosts, endotoxin'induced, in 
laminitis, 64 5-646 
Middle carpal joint, 22 
intrasynovial anesthesia, 173-174, 
174-125 

Middle metatarsal vein, 45 
Middle metatarsals, fracture, 
immobilization, 4211 
Middle patellar ligament, XL 59 
desmitis, 1021-1022, 11122 
desmotomy, 1023-1025, 1024 
upward fixation, 1077-1025 
Middle phalanx 
arterial supply, 15, Lh 
fractures, 744-754 
clinical signs, 747-748 
diagnosis, 748. 749 
etiology, 747 
prognosis, 754 

treatment, 748-754. 750-754 
types, 745-746, 745-747 
pelvic limb, XL 44 
physcal closure, 43. 43t 
radiographic view 

dorsomcdiat-palmarolareral oblique, 
226-227 

dorsoproximal-palmarodistal oblique, 
218-2/9, 224-225 
lateromedial, l±h=JJ 2 
palmarodistal oblique. 220 - 22 / 

Middle radius fracture, immobilization, 

419. 420 

Midforclimb, fracture, immobilization, 
418-419 
Milk, marc's 

amount produced, 178-179 
mineral composition, 379 
replacements, 179 
Miller's disease, 397-194 
Mitliampere <mA), 185-1X6 
Mineral imbalances 

developmental orthopedic diseases and, 
407-408 

endochondral ossification and, 3X5- 3X6 
osteochondrosis and, 550-552 
during pregnancy and lactation, 379-38? 
Mineral oil, for laminitis prevention, 654 
Mineral i z.i non 

dystrophic, in distal sesatnoidean ligament 
desmitis, 767 

soft tissue, radiographic interpretation. 
206,2112 

Mismatched feet, 1121 
Mixed lameness, 1X3 
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Moisture 

hoof pads and, 1 1 32 
hoof quality and, 1108 
Molecular biologic techniques, muscle 
disease, 44*< 

Monday Morning Disease, See Exertional 
rhabdomyolysis syndrome 
Motor neuron disease, 192. 1073 
Movement, 4g- I II. See also Gait 
abnormal, 105-111 
factors affecting, ID 7 -111 
normal, IQs 

terms associated with, 110 
Mucin clot. 484 
Mud, hoof quality’ and, t lil& 

Multiple cartilaginous exostosis, 438-4 I 1 *. 

4 to 

Muscle!si. See also specific muscles 
atrophy, 444-445. ddl 
biopsy, 448. 448-449 
calcification, 436. 
characteristics, 441 -44". 44 1. 44 > 
clinical pathology, 44 7 
degeneration, 444 See also specific types 
diseases 

diagnosis, 44 7 -44**. 44H 
injury-related, 444-450, 444-4 30 
systemic, 4 30-4 34 
electromyography, 448 
fatigue, lameness and, l Ids 
fiber types, 441 -44 3. dil 
hernia, 430 

inflammation, 440-44" 

lacerations, 444. 444 

molecular biologic techniques, 444 

ossification, 446 

physical examination, 44" 

physical mpmes, 444-430, 444-430 

regeneration, 444 

response to exercise, 441-444 

response to injury, 444 

rupture, 450, 450-451 

scintigraphy, 448 

strains, 444-430 

substance of, SO 

tearing, 4 30 

thermography, 44"-44S 
ultrasonography, 315. 31.3. 44S 
Muscular dystrophy, 1062-1063 
Musculocutaneous nerve, 18. 
Musculoskeletal sysrem 
nutrition and. 377-347 
foal. 378-383 
growing horse, 383-388 
mare, 377-383 
mature horse, 188-347 
postnatal development and growth, 401, 
402-40i 

Muzzle, conformation evaluation, 80 
Myeloenccphalitis, protozoal, 1070-1072 
Myelography, 202. 204. 204-203, mi 
contrast, in cervical vertebral 

malformation, 1066-1067, 

m7 -mi 

Myopathy! ics) 

exertional. See Exertional rhabdomyolysis 
syndrome 

fibroric and ossifying, 446, 1032-1034 
causes, 11131 

muscles affected. 1032, 1032 
prognosis, 1034 

signs and diagnosis, I032-/011. 1033 
treatment, 1033-1034, IQll-WU 
ultrasonography, 315, 115 
general anesthesia and, 432-433 


nutritional, 374. Ail 
polysaccharide storage, 431 -432 
recumbency related, 432-4 3 3 
Myositis, 384-341 
bacterial, 446-44" 
definition, 446 

of longissimus dorsi muscle, 444-318) 
Myotonia congenita, 434 


Nailj s | 

close, m* 1117, ms 
driving, 1084, 108?, 1088 
heads, 1104 
hot, 1117 
parts, 110S 

placement, 1104. IJ04, 1 105 
removal, 1081. 1084, 1084 
Nail fixation 
intramedullary, 426 
for tibial fractures, 445 
Nail holes 

tilling, 1087, 1084 1104 
of shoe, Um 
Nail puller, 108 3 

Naphthalene, for selenium toxicity, 346, 

725 

Naproxen 

for infective arthritis, 383 
for joint disease, 447 
National Research Council, Nutrient 
Requirements of Horses , 377 
Navicular bone, ]_, j 
anatomy, 10* f j 
bipartite, 68/ 

disease. See Navicular syndrome 
fractures, 680-682 
clinical signs, 681 
diagnosis, 671, 681, 681 

etiology, 680-681 
prognosis, 682 
treatment, 681 -682 
ligaments, 10. 10. 11. Li 
penetrating wounds, 707, 708-704 
radiographic view 

dorsomedia l-palmamlateral oblique, 
226-227 

dorsoproximal-palmarodistal oblique, 
218-214, 724-223 
lateromcdial, 216-217 
palmarodistal oblique, 220-221 
palmaropro ximal- pa Ima n tdtsia I 
oblique, 222-223 
tripartite, 342 
Navicular bursa 

inrrasynovial anesthesia, 170 
local anesthesia, 6"1 
position and clinical significance, 64It 
Navicular bursitis, septic, 643 
Navicular ligaments 

forelimb, ulrrasonographv, 321, i 14. 
138-340 

palpation, in lameness diagnosis 128, 

124 

Navicular suspensory apparatus, lt^ If^ / /. 

U 

Navicular suspensory desmotomy, for 
navicular syndrome, 678 
Navicular syndrome, 664-678 
diagnosis, 668-672, 669-671 
etiology, 664-663 
history and clinical signs, 665-668, 
666-668 

radiographic examination, 664-671, 
669-671 


scintigraphv. 364. 366 
tests. 125-127. L& 
treatment, 672-678 
hoof care, 672-675, 672-676, 1111 
medical, 675-677 
rest and controlled exercise, 672 
surgical, 677-678 
Neck 

conformation, 75* &ii 
examinarion, 157. Lia 
measurement, 21 
muscle atrophy, causes, 157 
proportions, 7^ 78-74 
Nematodiasis, spinal, 1074 
Neurogenic muscle atrophy, 443. 443. 44 h 
Neuropeptides, in degenerative joint disease, 
412 

Nitazoxanide, for equine protozoal 

myeloencepha litis, 1071-107? 
Nitric oxide, in degenerative joint disease, 
422 

Nitroglycerin, for laminitis, 655, 656 
Nomenclature 
anatomic, L- 

radiographic views, 214, 214 
Nomina Anatnmica Vetertnarta (N.A.V.) 
terminology, 1 

Nonsteroidal antiinflammatory drugs. See 
also specific agents 
classification, 446 
cyclooxygenase affinity, 445, 446 
differential activities, 445 
effect on proteoglycan synthesis, 443-446 
for exertional rhabdomyolysis syndrome, 
340 

for infective arthritis, 383 
for joint disease, 444-448. -£4i 
for laminins, 654 

mechanism of action, 444-443, 443 

for navicular syndrome, 675 

for physitiv, 410 

side effects, 44 3 

for “splints,” 820 

for superficial digital flexor tendinitis, 

tii 

Normokalcmic periodic paralysis, 342 
Nose, conformation evaluation, 80 
NSAIDs. See Nonsteroidal antiinflammatory 
drags 

Nuclear imaging (scintigraphy), 347-374, 

348-374 

in bicipital bursa inflammation, 407. 907 
bone scans, 347 
delayed phase (phase 3), 348 

abnormal, 364. 366-174. 368. 371. 

373-374 
indications, 354 

localized uptake during, 373, 222 
normal, 355-362, 356-362 
indications, 354 
normal, 354-362, 355-362 
signs of disease, 362-374. 363-374 
soft tissue phase (phase 2^ 347-348 
abnormal, 363-364. 363-365 
indications, 354 
normal, 355, 355 
vascular phase (phase jj 
abnormal, 362-363, 3t>3 
indications, 354 
normal, 354—355, 355 
in bone spavin. 934-935. 916 
in carpal in ir a articular fractures, 853 
in condylar fractures of third metacarpal 
bone, 808^ 809 

in degenerative gum disease of proximal 
interphalangeal joint, 736, 736 
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in dorsal metacarpal disease, S()2 
image acquisition, 351-352, 35It, 112 
imaging equipment, 349-352, 150-152 
in ischial tuberosity lesions. 1048, 1048 
in joint disease. Ml 
method, 352-354, 352-154 
in muscle disease, 448 
in navicular syndrome, 671. 671 
in osteochondral fracture of proximal 
phalanx, 769, ZZ1 

in osteochondrosis of scapulohumeral 
joint. 912-913, 91J 
in overlapping dorsal spinous processes, 

1058, tOSS 

in pelvic fractures, 1046 
principles, 347-348 
in radial fractures, 871, 872 
radiation safety and protection, 348-344. 
148-150 

radiopharmaceutical, HZ 
in sacroiliac (omt subluxation, 10.51, 
tntl 

in sagittal fracture of talus, 959, 9.59 
in shoulder arthritis, 917 
in stifle injury, 1001 
in suspensory ligament injury, 829 
of thoracolumbar spine, 1055 
in tibial stress fractures, 991, 992 
in vertebral osteomyelitis, 1060, 1060. 
1074 

views 

foot, 353-354, 151-154 
fmtlimh 222 
hmdlimb, 353. 3 53 
spine, 3 52-151. Mi 
tail-on-detector (TOD), 360, 362 
Nutraccutical, for navicular syndrome, 622 
Nutrition 

acquired flexural deformities and, 383 
angular limb deformities and, 832. 833 
endochondral ossification and, in growing 
horse, 383-388 See abo 
Endochondral ossification 

of foal 

iodine imbalances, Ml 
manganese deficiency, 379- 38ii 
milk intake and, 378-379 
mineral imbalances, 374-382 
protein imbalances, 378 
selenium deficiency, 380-381 
vitamin deficiencies, 382- 183 
hoof quality and, 1107-1108 
of mare, 377-383 
excess feed intake and, 377-378 
gestation, 377-378 
hypocalccmic tetany, 381-382 
hypomagnesemic tetany, 381-382 
inadequate feed intake and, 377-378 
iodine deficiency and. 381 
iodine toxicity, Hi 
manganese deficiency, 374- 380 
mineral imbalances, 374-382 
protein imbalances, 378 
selenium deficiency, 380- 381 
vitamin deficiencies and, 382-383 
of mature horse, 388-397 
osteochondrosis and, 550 
role in musculoskeletal development, 
377-347 

foal, 378-383 
growing horse, 38 3-388 
marc, 377-383 
mature horse, 388-397 
Nutritional muscular dystrophy, 379. 452 


Nutritional myopathy, 379. 422 
Nutritional secondary hyperparathyroidism, 
392-394 


Oakum, for hoof packing, 1131 
Obesity, in mate, 377-378 
Obturator artery, 6Z, 64 
Obturator foremen, fracture, 1046 
Obturator nerve, 67* 64 
Occult spavin, 931 
OCD. See Osteochondritis dissecans 
Offset knees, 9^ •ill 
Olecranon bursa 

intrasynovia I anesthesia, 175. 126 
position and clinical significance, 64It 
Olecranon bursitis, 641-643, 893-894 
Olecranon fossa, i 

Olecranon process, fracture. See Ulna, 
fractures 

Olecranon tuber, i 
Omohyoideus muscle, 12 
Omotransversarius muscle, 12 
(htnopsis. selenium toxicity and, 395 
Open knees conformation, 89j 90 
Orgotein 

for bog spavin, 490 

for degenerative joint disease of proximal 
intcrphalangcal joint, 738 
for olecranon bursitis, 894 
Orthopedic diseases, developmental. See 

Developmental orthopedic diseases 
Orthopedic implant. See Bone plating; 
Internal fixation 

Os calcis, inflammation, 145. 146. 

Os coxae, acetabulum of, 63 
Os pedis. See Distal phalanx 
Ossa coxa rum, 1046 

Ossclcts. See also Traumatic synovitis and 
capsulitis 
definition, 491 

Osseous cyst-like lesions. See Subchondral 
bone cysts 
Ossification 

endochondral. 5ee Endochondral 
ossification 
of long bones, 4111 
of muscle, 44ft 
of tendon, 635, 63.5 
zone, 402 

Ossifying fibroma, 433, 424 
Ossifying myopathy, 44ft 
Ossifying spondylosis, 1053 
Ostectomy, wedge, for third metacarpal 

angular limb deformities, 417, 424 

Osteitis 

definition, 428 
infectious, 428-429. 122 
Osteoarthritis. .See Degenerative |oint 
disease 

Osteochondral fragmentation 
articular cartilage debridement, 475. 

475-476. 531-532 
carpus, 524-525. 525 
femoropatellar joint, 5 30-531 
femorotibial joint, 222 
fetlock joint, 526-529. 526-530 
middle phalanx, 745, 745, 246 
pathobiologic principles, 524 
proximal phalanx 
in fetlock joint, 768-769 
palmar/plantar, 527-324. 527-529. 

562-563. 565-566 
proximodorxal, 526, 526-527, Shi 


proximal sesamoid bones, 529. 524-530 
tarsus, 529-5 30. 5 j f 
Osteochondritis, definition, 546 
Osteochondritis dissecans, 414-415. 122 
cervical vertebral malformanon and, 
1063-1064, 1064 
clinical aspects, 556-568 
definition, 546 

of distal dorsal metacarpus and 

metatarsus, 563. 563-563. 564, 
262 

of femoropatellar joint, 544- 543. 
556-559, 554, 1002-1005, 
1002-1006 

of femorotibial joint, 559 
of fetlock joint. 562-56 3 
pathogenesis, 544- 545. 546-553 
of scapulohumeral joint, 566-568, 570 
of stifle, 1002-1005, 1002-1006 
of tarsocrural joint, 559-562, 560-561, 
950-953, 950-954 
white blood cell count, 484 
Osteochondroma 
definition. 864 

of distal radius. 861, 864-866 
solitary. 438-439. 414 
synovial, in hindlimb, 1027 
Osteochondrosarcoma, 433. 434. 435 
Osteochondrosis, .344-5 53 
arthrography for, 201. 2112 
classification, 546 
of coxofcmoral joint, 1042 
definition, 546 
endocrine factors and, 552 
exercise and, 553 
genetic predisposition, 547-548 
growth and body size and, 548-349 
manifestations, 54 3-544 
mechanical stress and, 549, M2 
mineral imbalances and, 550-552 
nutrition and, 383-384. 550 
pathogenesis, 544- 545. 546-553 
radiographic changes, 213. 212 
site vulnerability, 5 52-333 
trauma and, 549 
traumatic, radiographic changes, 
213-214. 214 

vascularization defects and, 549-550 
Osteodystrophia fibrosa, 392-394. 440. 
4411—441 

Osteoma, 433 
Osteomyelitis, 424-4 3 1 
associated with fracture, 422 
of axial border of proximal sesamoid 
bone, 784. 784-785 
of calcaneal tuber, 963-964 
clinical signs, 422 
definition, 428 

hematogenous, 407. 429-430, 410 
iatrogenic, 4 30-4 31 
infective arthritis with, 577, 579 
prognosis, 432-4.3.3 

radiographic signs, 209, 209-210. 212. 

431-432. 431-432 
scintigraphy, 368, i2U 
of sustentaculum tali, 965-966 
traumatic, 430, 4Jii 
treatment, 4 UL 4.32. 4 i i 
types, 407, 429-431, 430 
vertebral 

and diskospondylitis, 1059-1061, 
1060-1061 

and epidural empyema, 1073-1074, 
1074 
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Osteopathy, hypertrophic, 441. 441-442 
Osteopenia 
generalized, 4^. 426 
localized (disuse f. 435-436. 437 
radiographic signs, 208-20*4. 212 
Osteoperiostitis. See Osteitis 
Osteopetrosis, 456-4 37 
Osteophyte! s) 

in degenerative joint disease of proximal 
innTphalange.il joint. 736, 736 
extensor process fractures and, 698. 61R. 
formation, 4 "j_ 4"3 
glenoid cavity, 912, 9| 3 
periarticular, 670, 670 
radiographic interpretation. 210. 211. 

2 1 I-?!? 
removal, 441 

Osteoporosis, 433-436, 4 16. 417 
Osteosarcoma, ±11 

Overreaching, 106. KM. Ml. 120. 121 
corrective shoeing for, 1113. 1135-106 
Overtrack, defined, LLO 
Oxalates 

dietary, in secondary 

hyperparathyroidism. 393 
plants containing, 393 
Oxidronate, tcchncrium-99m-Uhclcd, 347 
Oxytetracycline 

for bucked knees in foal, 842-645 
for congenital flexural deformity, 
601-602. 11 >n 


Pace, 98. 99. LLU 
Pacinian corpuscles, in foot, 22 
Paddling, 85* 106* LU 

Pads 

foot, 1130-1131, 1132-1133 
for laminitis, 657-658, ti il 
for navicular syndrome, 675. 676 
for pedal osteitis, 666 
wedge, for dorsal-palmar balance, 112 3, 
1125 

Pain, gait defects and, lilil 
Palmar, defined, L 2 
Palmar anul.ir ligament, LA 

constriction, 620-621. 6 >0-/. > I 
Palmar carpal ligament, 2& 

Palmar digital nerve, 17, 19, 23L. 21 
block, lnl-162. 162c 
injection sires, Jiii 
in navicular syndrome, 668 
at proximal sesamoid hones, 162. 162 
Palmar digital neurectomy 
for navicular hone fracture, 681 
for navicular syndrome, 677-678 
Palmar ligaments 
of forelimb, 326, 327-337 
of proximal interphalangeal joint, Li 
Palmar metacarpal arteries, 24,25, 21 
Palmar metacarpal nerve 
block. 162-163. l&L I63t, hid 
medial and lateral, 2fL 21* 21 
Palmar metacarpal vein, 21 
Palmar nerves, medial and lateral, 1_\ 20. 

2L 23-24. U 
Palmar pouch 

of distal interphalangeal joint, l L L2 
of metacarpophalangeal joint, 14 
Palmar venous plexus, 12, 

Palpation and manipulation 
back, 154-157. 15 5-159 
forclimh, 122-142. »77-147 


hindlimb, 142-154. LLLJ. id 
neck, 157. 139 
rectal, 159, LSI 
“Pancake" hooves, 1123. 1125 
Parallel veins, 17, H 
Paratcndon, 595, 595 
Parathyroid hormone, in secondary 
hyperparathyroidism, 393 
Paresis, ataxic. See Wobbler syndrome 
Partial-thickness articular defect, repair, 475 
Particle analysis, synovia) fluid, AILS 
Passive morion, for flexor tendon 
lacerations, 629 

Pastern 

anatomy, 1 >14 
conformation, 91 -92. 92 
lameness 

degenerative joint disease, 733-741 
desmitis of distal sesamoidean 
ligaments, 764-768 
luxation of joint, 741-744 
middle phalanx fracture, 744-754 
proximal phalanx fracture, 755-764 
rachitic ringbone. 768 
ligaments, £0. 11-12. 13 
luxation, 521. 122 

palpation and manipulation, 128-13(1. 
129-130 

Pastern angle. See Hoof-pastern axis 
Pastern field block, 162. 162 
Pastern joint. 5ee Proximal interphalangeal 
joint 

Patella 

absence, 592 
articular surface, 62 
fracture, 101 1-1013, 1013 
luxation, 519. 5J9 
distal, 1025-1026, 1026 
lateral, 592, 592 
medial and lateral, 1026-1027 
palpation, 142 
radiographic view 
caudocranial. 397-793 
cramo proximal-distal cranial oblique, 
>9.1-295 

flexed latcromedial, 290-29J 
lateromcdi.il, 2118-289 
sprain, 519. 519 

upward fixation, 592, n>>2-in2s 
causes, 1133 7-11373 
prognosis, 1025 

signs and diagnosis, 1023, 1023 
treatment, 1023-1025, 1024 
Patellar displacement test, 149-150, liii 
Patellar ligaments, 1L 42 
desmitis. 1021-1022, >022 
Patten shoe, 1129-1130, 1130 
Pect incus muscle, 6^ hi 
Pectoral muscles, 22 

forclimh conformation and, 82 
I Vcroralis asccndcns muscle, 35^ 22 
Pectoralis descendens muscle, 22 
Pcctora Its transversus muscle, 22 
Pedal bone. See Distal phalanx 
Pedal osteitis, 684-687 
clinical signs, 621 
diagnosis. 685-686. 68 5-686 
etiology, 683 
treatment, 686-687. 687 
Pelvic Umh. See jUo Hindlimb 
anatomy, 4 3-70 
bones, id 
crus. 33, 38-59 
digit and fetlock, 42 


lymphatic drainage. Ill 
metatarsus, 4^ 45. 42 
physeal closure, 70» 70t 
stay apparatus, 70. 21 
stifle, 59-65 
tarsus, 47-35 
thigh and hip, 65-70 
Pelvis 

fractures, HU 3-104" 
diagnosis 104 3-1046 
etiology, 1045 

prognosis 1047 
signs, 1045. 1047 
sites, 1045. 1046 
treatment, 1046-1047, 1047 
hunter's bump, 114 
lameness, 1044-1053 
fractures and, 1043-104" 
ischial tuberosity lesions, 1048 
sacral-coccygeal injuries, M33- io< 3 
sacroiliac subluxarion, 1049-1052 
thrombosis of caudal aorta or iliac 
arteries 1044-1043 
palpation and manipulation, 154. 159. 
LSI 

radiographic view 

ventrodorsal, 396-297 
ventromedial-dorsolateral oblique. 

Penetrating wounds 
of foot, 703-710 
classification, 703 

clinical signs and diagnosis, 703-707. 
704-708 

distal phalanx fracture and. 692. 692 
prognosis, 710 

treatment, 707-710, 708-709 
of white line, 713. 714. See also Gravel 
Penicillin, for infective arthritis, 582. 582t 
Pentosan polysulfare, for joint disease. 
513-514 

Pentoxifylline 
for laminitis, 655 
for navicular syndrome, 677 
Perineural anesthesia, 161-167 
evaluation, 161 
field blocks with, 161. 162 
forclimh, 161-/64. 161-165. 162t-163t, 

hindlimb, 163-167. 166 
preparation, LMi 
Periosteal bridge, 407. 4£2£ 

Periosteal stripping 

for carpal angular deformities, 836-838. 

SJZ 

for fetlock angular deformities, 793, 794. 
795 

for growth stimulation, 412-413 
Periosteum 

effects on hone growth, 4124 
reactions to disease, radiographic 

interpretation, 207-208. 2lM 
Perivertebral abscess, needle aspiration, 

1061. UMd 

Peroneal nerve blocks, 167. 16& 

Pcroneus tertius muscle, 48. 48. 30. jj 
restriction, 978 
rupture, 977-978. 977-97S 
Pcroneus tertius tendon 
origin, avulsion, LUIS 
rupture, 625, 625 

Phalangeal exostosis, buttress foot and. 702. 
Z£L2 
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Phalangeal flexion test, 132. 112 
in navicular syndrome, 667 
Phalanx. Sec also Distal phalanx; Middle 
phalanx; Proximal phalanx 
fracture, immobilization, 418, 419-420, 
420 

radiographic view, dorsomedial- 

palinarolateral oblique, 226—227 
Phenoth uzine-deri va live tranquilizers, for 
exertional rhabdomyolysU 
syndrome, .390 
Phenylbutazone 

for antebrachial flexor compartment 
syndrome, 869 
for bone spavin, 936 
for carpal chip fractures, tM 
for cervical fractures, 1076 
for cervical vertebral malformation, 1068 
for degenerative joint disease of proximal 
intcrphalangcal joint, 737-738 
dosage and administration, 496 
effect on proteoglycan synthesis, 495-496 
for joint disease, 496 
for laminins, 654 
for navicular syndrome, 675 
for subchondral defects of elbow, 891 
for superficial digital flexor tendinitis, 

615 

toxicity, 126 

Phenytoin, for exertional rhabdomyolysis 
syndrome, 390-191 
Phosphorus, dietary 
absorption, 184-185 
endochondral ossification and, 384-385 
in secondary hyperparathyroidism, 393 
Physical therapy 
for hack disease, 1057 
for degenerative joint disease, 510 
for tendon rehabilitation, 618—619 
for traumatic svnovitis and capsulitis, 
493-494 

Phyxis, 401-407. 402-407 

biochemical aspects, 404. 404 
cellular layer*, 401 
closure, 404 
development, 401. 102 
dysplasia. Sec Physio* 
germinal zone, 40I -402 
injuries 

angular limb deformities and, 822 
classification, 405-407. 405-408 
morphology, 401-404. 402-403 
proliferative zone, 402 
trauma. 404-405. 405 
vascularity, 402. 404 
zone of hypertrophy, 402 
zone of ossification, 402 
Physios, 408-410 
causes, 408-409 

clinical manifestations, 409. 409-410 
distal femoral physis, 1027 
infectious, 407. 4 1 j 
radiography, 409, 4?1 
treatment, 409-410 

Pigeon-toed conformation, 84-86. 85-86 
Pin fixation 

for fracture repair, 427. 427 
for middle phalanx fractures, 751, 753. 
Zll 

for proximal phalanx fractures, 762. 763 
Pine tar, for hoof packing, 1131 
Pivot point, 11 1. 411 794 

in carpal angular limb deformities, 834. 

815 


Placenta, retained, la minim and, 646 

Plain shoe, 1099. Um 

Plaiting, 87* ILL HL U1 

Plantar, defined, l, 2 

Plantar digital nerves, 43, 45. 46 

Plantar ligament 

desmiris, curb and, 972-973, 973 
hindtimb, ultrasonography, 321. 112 
Plantar metatarsal arteries, medial and 
lateral, 12 

Plantar metatarsal nerves, 4L 45*46 
Plantar tarsal ligament, 31-54 
Plasminogen activator, in degenerative joint 
disease, 472 
Plastic shoe, 1100 
Plate fixation. See Bone plating 
Pleasure horse, 21* 71 
PMN collagmase, in degenerative joint 
disease, 1211 

Podotrochlcar bursa. See Navicular bursa 
Polo shoe, 1099. 1100. 1119 
Polymerase chain reaction, in infective 
arthritis, 182 
Polymct hy hnct hacry late 
for osteomyelitis, 432. 433 
for penetrating wounds of foot, 709 
Polypropylene hoof felt, for hoof packing, 
1131 

Polypropylene mesh, for superficial digital 
flexor tendon dislocation, 975. 
975-976 

Polysaccharide storage mvopathv, 391. 

431-452 

Polysulfated gtyco&aminoglycan. See 

Gl yeosaminoglycan, polysulfatcd 
Polys ulfated polysaccharides, for joint 
disease, 511. 511-515 
Popliteal lymph nodes, 60, 70 
Popliteal vessels, 60, 60-61 
Pnpliicus muscle, ifL. hi 
Portable ultrasound machine, 316. 316 
Portable x-ray machine, 188-189 
Positional terms, L 2 
Positioning aids, x-ray, 194. 195 
Posccxcrcise fatigue, in mature horse, 
388-389 
Potassium 

tn hyperkalemic periodic paralysis, 122 
in postcxcrcisc fariguc, 388-389 
Power, defined, 110 
Prescription form, for corrective and 

therapeutic trimming and shoeing, 
1123, 2224 

Principal tendon of the deep digital flexor 
muscle, 20, 12 

Procaine, for local anesthesia, tftfl 
Procollagen, in arricular cartilage, 462 
Proliferative zone, physis, M2 
Propentofyiline, for navicular syndrome, 

fcZZ 

Proper axillary lymph nodes, 38, 41 
Prostaglandins, in degenerative joint disease, 

422 

Prostigmin, for selenium toxicity, 146 
Protein, dietary 

endochondral ossification and, 384 
during pregnancy and lactation, 128 
Proteinase, in degenerative joint disease, 

470-472 

Proteoglycan! s| 

in articular cartilage, 462-463. 462-463. 
464 

in degenerative joint disease, 421 


solute movement and, 464 
synthesis, N5AID effect on, 49.5-496 
in tendons, 594 
turnover time, 465 
Pmtcoglycanasc, in degenerative joint 
disease, 471 

Protozoal myclocncephalim, 1070-1072 
Proximal carpal bone, radiographic view, 
flexed docsoproximal-dorsodistal 
oblique, 260-261 

Proximal digital anular ligament, 1 1-12, LL 
Proximal extremity of the middle phalanx, 

12* Li 

Proximal femoral physis, 401 
Proximal intcrphalangeal joint, 1 
anatomy, > 2-14 

degenerative joint disease, 733-741 
clinical signs, 735, 715 
diagnosis, 736—737, 736—738 
ctiopathogenesis, 734. 734-735 
prognosis, 741 

intrasynovial anesthesia, 171. 1 22 
joint capsule, 10. 13-14 
ligaments, LI 

luxation and subltfxation, 741-744 
clinical signs, 742, 742-744, 241 
diagnosis, 744 
etiology. 742, Zli 
in pelvic limb, 611-612 
prognosis, 244 
treatment, 244 
stabilization, 41 
subchondral bone cyst* 
diagnosis, 572-573. 574. IZi 
treatment, 525. 

Proximal inter tarsal joint 

arthrodesis, for bone spavin, 940 
degenerative joint disease, 931, 5LL2. .See 
also Bone spavin 

Proximal media) radius, subchondral bone 
cysts, 890, S9J 

Proximal metacarpus, stress fracture, 804 
Proximal metatarsus, fracture, 
immobilization, 420 
Proximal palmar metacarpal analgesia, 
163-165. 164. 166 
Proximal phalanx, J* 44 
arterial supply, 1^ 16 
fractures, 755—764 
clinical signs, 756, 258 
diagnosis, 258 
etiology, 756 
prognosis, 762. 764 
treatment 

comminuted fracture. 761-762. 763 
noncomminutcd fracture, 758-761, 
759-761 

types, 755-756, 755-751 
fragments 

palmar/planrar, 562-563. 56<-<66 
proximodorsa I, 363 
osteochondral fractures 
clinical signs, 768-769 
diagnosis, 769, 770-771 
etiology. 768, 769 
in fetlock joint, 768-769 
palmar/plantar, 527-528. 327-329 
prognosis, 772, 772-773 
proxi modorsa I, 526. 526^522 
treatment, 769-771, 770-772 
physeal closure, 43. 43l 
proximoplantar tuberosity of, ununited, 
528. 528-529. 565-566 
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Proximal phalanx —continued 
radiographic view 

dorsnlatera l-pa I ma mmcJu I obi ique, 

ZM=m 

dorsomedul-paImarolareraI obiique, 

126=122 

dorvoproxirrulpalmarodistal, 232-233 
dorsoproximal-palmarodisral oblique. 

flexed latcromedial, 2.10-23/ 
latcromedial, 2 16-7)7 378-379 
latcroproximal-distomcdi.il oblique, 
218-219 

latcroproxi modorsal mediodistopal mar 
oblique, 1 16-317 
palmarodistal oblique, 220=221 
subchondral bone cysts, 785-786. Z&6 
Proximal plantar metatarsal analgesia, 

I66-167 

Proximal radius, fracture, immobilization, 
•419,420 

Proximal sesamoid bone, J 
fractures, 771-782 
clinical signs, 774. 776. 776-777 
diagnosis, 776-777 
etiology, 773. 776 
prognosis, 781-782 
treatment. 777-781, 779-780 
types, 773* 774-775 
osteochondral fractures, 529. 529-530 
osteomyelitis of axial border, 784. 
784-785 

palmar digital nerve block, 162. 162 
palpation and manipulation, in lameness 
diagnosis, 130. LLi 
radiographic view 

dorsolateraI-palmarotnediaI oblique, 
234-2 15 

dorsoprox ima l-pa Ima rod istal, 2J2-23J 
flexed latcromedial. 210-2.il 
latcromedial, 228-229 
lateroproximal-distomcdial oblique, 

218—219 

Proximal suspensory ligament 
desmitis, 622-621 

hindlimb, ultrasonography, 322. 3d2 
ultrasonography, 322. 342 
Proximal tibia, subchondral bone cysts, 
1007-1010 
Proximal tibia! physis 

fractures. 988-989, 988-989 
injuries, 406 

Pseudohyperparathyroidism, 393 
Psoas muscle, myositis, 106? 

Pubis, ±£ 

physeal closure, 70t 
radiographic view 

ventrodorsal, 296-297 
ventromedial-dorsolateral oblique, 
298-299 
Pull-offs, um 

Punch biopsy, muscle, 448. 449 
Pyramidal disease. See Buttress foot 
PynmctKamine, for equine protozoal 
myeluencepha litis, 1071 


Quadratus femoris muscle, hi 
Quadriceps muscle 
atrophy, 999, 1000. 1035. HHft 
rupture, 11122 
Quarter 

illustration. 4 
of shoe, UM 


Quarter clip 

full bar shoe with, for distal phalanx 
fractures, 693, 693 
for traction, 1139 
Quarter cracks, 732 

Quarter Horse, dorsal metacarpal disease, 
800. fiflil 
Quittor, 710-713 
clinical signs, 7W, Zli 
diagnosis, 711, 7/ / 
etiology, 710-711 
in lameness diagnosis, 128. 128 
treatment, 711-712. 7I2-7M 


Race horse, 23 
Rachitic ringbone, 268 
Racing plate shoe, 1099 
Radial check ligament. See under Accessory 
ligament 

Radial nerve, 33, 32. dll 
humeral fractures and, 896 
paralysis, 90^ 903-904 
Radiation injury, chronic, 197 
Radiation safety, /97, 197-198 
monitoring system, 197-198 
nuclear medicine imaging, 348-349. 
348-350 

protective barriers, 197. 197. LStfil 
Radiocarpal joint. See Anrcbrachiocarpal 
joint 

Radiographic examination 
in accessory ligament sprain, 867. 868 
in anular ligament constriction, 797-798 
in bicipital bursa inflammation, 906, 
906-907 

in bone spavin, 934, 934-935 
in carpal angular limb deformities, 
833-835. 8T4-835 
in carpal intraarticular fractures, 851. 

852 

in cervical vertebral malformation, 
1065-1066, 1066, 1066t 
in condvlar fractures of third metacarpal 
bone, 80S, SOS. 

in degenerative joint disease of proximal 
intcrphalangcal joint, 736, 
736-738 

in distal sesamotdean ligament desmitis, 
765. 765. 767 

in dorsal metacarpal fracrure, 802. 802 
in femur fractures, 1028-1029. 
J028-/029 ~ 

in fetlock angular deformities, 794 
in humeral fractures, 896. 897. 898. 8M 
in joint disease, 480 
in laminiris, 652-654, 653-654 
in meniscal injuries, 1020. 1020 
in osteochondral fracture of proximal 
phalanx, 769, 770 

in osteochondritis dissecans of rarsocrural 

joint, 950-953, 950-953 

in osteochondroma of distal radius, 865. 
865-866 

in overlapping dorsal spinous processes, 
1058, 1058, 1059 
in patellar fracture, 1011,1013 
in pedal osteitis, 685-686. 68 3-686 
in proximal phalanx fractures, LL8 
in proximal sesamoid bone fractures, 
776-777 

in proximal suspensory ligament desmitis, 

622 


in radial fractures, 870-871 
in scapular fractures, 924. 924-926 
in sesamoiditis, 783, 784 
in shoulder arthritis, 916 
in shoulder luxation, 918-919, 9J8-9J9 
in slab and sagittal fractures of central 
and third tarsal hones, 956. 936. 
957 

in stifle injury, I OOP. 1001, 1001 
in supraglcnoid tubercle fractures, 927. 
928-929 

in suspensory ligament desmitis, 828, 828 
in third metacarpal angular limb 
deformities, 817, 817 
of thoracolumbar spine, 1055, 1036 
in tibial stress fractures, 991, 992 
in vertebral osteomyelitis and 

diskospondylitis, 1060. L0 6 1 
Radiography, computed, 306. 306. iilZ. 
Radiology, 185-312 
additional imaging techniques 
computed radiography, 306. 106- 6)7 
computed tomography, 307-309. 

0 ) 8-109 

magnetic resonance imaging, 3Q9. 
309-310 

nuclear medicine (scintigraphy), 
347-374 

thermography, i 10. 310-311 
ultrasonography, 312-345 
xeroradiography, 307, 308 
of bone, 207-210. 208-2)2 
contrast examinations, 199-205. 20<>t 
arthrography, 201-202. 202. 201 
fismlography, 200. 200-201. 201 
myelography, 202. 204. 204-205, 201 
sinography, 200, 200-201. 201 
tendonography, 202 
equipment, 185-197 

accessory, 189-195. m |92t, 

L 93- 196 

darkroom, 196-197, 196-197. 196t 
x-ray machines, 185-189. 186-188 
nomenclature, 214, 214 
normal anatomy, 214, 2/5-305 
principles of radiographic interpretation, 

205- 214. 208-214 
radiation safety and, 197. 197-198 
of soft tissue structures, 206-207, 

206- 207 

of synovial joints, 210-214. 710-3)4 
technique charts, 198-199. 199. 200t 
views for, labeling method, 214, 214 
Radiopharmaceutical agents, 347 
Radioulnar ligament, 33 
Radius, J 

fractures, 869-878 
articular, 87/, 877-878. 828. 
causes, 870 

diagnosis, 870-871, 872 
displaced, 872, 874-876, 875 
incidence, 861/ 
nondisplaccd, 876, 876 
physeal, 876-877, 877 
prognosis, 878 
signs, 870, 872 
treatment, 871-878, ,871-87.5 
types, 869-870. 870-872 
physeal closure, 4V, 43t 
radiographic view 

dorsola tcra l-palma romedia I obi ique, 
354-3tt 

dorsomedia I - pa Ima rolatera I obi ique, 
256-257 
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dorsopjlmar, 252-253 
flexed laicmrwdial, 2 JO-251 
latrromcdial, 748-249 
mediolateral. 264-265 
Rapidity, defined, HD 
Rare earth intensifying screens, features, 
191-192. 192t 
Reciprocal apparatus, 55* Sh 
Rectal examination, 159. 159 
Rectus femoro muscle, 66, 62 
Recumbency, prolonged, myopathy 
associated with, 4.52-45.1 
Red blood cell* 
counts, in synovial fluid, 4M 
radiolabeled, 547 
Regularity, defined, 110 
Relaxation, defined, 1 . 1.0 
Remodeling of bone, 416-417 
Remodeling phase, fracture healing, 420 t 

ill 

Reparative phase, fracture healing, 421 
Retinacula. See Anular ligaments 
Rhabdomyolysis syndrome. See Exertional 
rha bdomyolysis syndrome 
Rhodocnccus, lung infection, immune 
mediated joint disease and, 
590-591 

Rhomboideus muscle, 12*58 

Rhythm, defined, 1 10 

Rib cage, spring of, SO 

Riding skills, gait defects and, lOS 

Rim shoe, 1»99, 1099, 1137, Mil 

Rimadyl. See Carprofrn 

Ring formahon, of hoof wall, 122. 122 

Ringbone 

articular versus periarticular, 754 
definition, 715-714 

degenerative joint disease and, 337-538 
diagnosis, 128, 12.9 
false, ilS 

high. See Proximal interphalangeal joint, 
degenerative joint disease 
low, buttress foot and, 7Q2, 702 
rachitic, 268 
Thoroughbred, 742 
volar, 764 

Roberts sling shoe, 787, 787 
Rocker-toe shoe, for breakover alteration, 
1134, 1134 

Roller-motion shoe, for breakover 
alteration, 1134, 1125 
Roller-toe shoe, for breakover alteration, 
1134, 1134 
Rotational deformities 
carpal angular deformities and, 838, SJ9 
definition, 830 

Round ligament, rupture, 1037-1039, 1018 
Run, 101. M2 

Running surface, lameness and, 115-1 16 


Sacral region 
fracture, 1077, 1077 
injuries, 1052-1053 
malalignment, 1034 
Sacroiliac joint, 69-70. 20 
capsulitis, scintigraphy, 363. 364 
skeletal model, 1049, 1050 
subluxarion, 1049-1052, 
diagnosis, 1051. 1051 
etiology, 1049 
prognosis, 1052 


signs, 1050, 1050-1051 
treatment, 1051-1052 
Sacrotuberal ligament, 65,66 
Saddle, poor-fitting, gait defects and, 1 10 
"Safcing,** 1136 

Salmonella, infective arthritis and, 582? 
Salter-Harris classification of physcal 
injuries, 403. 406 
Sand cracks, 1114, 11 14 
Saphenous artery, ML 52, 69 
Saphenous nerve, 45, 67, fefl 
Saphenous vein, 62 

Sarcocystis neuroma, in equine protozoal 
myeloencephatiris, 1070 
Sanorius muscle, 67. tH 
Scalping, 106, 107,120,121 
Scapula 

fractures, 923-926 
causes, 921 

diagnosis, 924. 924-926 

prognosis, 926 
signs. 924, 974-975 

treatment, 926 

palpation and manipulation, 140. 142 
phvseal closure, 43, 43t 
radiographic view, mcdiolateral, 268-269 
spine of, J 
Scapular cartilage, J 
Scapulohumeral joint. See Shoulder 
Sciatic nerve, 66, 66-67 
Scintigraphy. See Nuclear imaging 
(scintigraphy) 

Screw!si, for lag screw fixation, 422 - 425 . 
477-476 

Screw and wire technique 
for carpal tramphyscal bridging, 
838-840, 83S-840 
complications, 840, S40 
for radial fractures, 876-877. 877 
for ulnar fractures, 887, 887 
Second metacarpal bone, J, 2JL See also 
Splint bones 
exostosis, 818-821 
palpation, 132-133. 124 
radiographic view 

dorsolateral-pa Una romcdtal obi ique, 

746-747 

dorsotnedial-palmarolattral oblique, 
244-245 

dorsopalmar, 242-243 
Second metatarsal bone, radiographic view 
dorsolareral-planraromediaJ oblique, 
272-273. 787-781 
dorsotned ial-pla ntarolarera I obliq uc, 
774-773 

dorsoplantar, 270-271. 280-281 
Seedy toe, in la mini tin, 650, 652, 652 
Selenium, 380 
deficiency, 380-381 
excess, 380 

injection, for exertional rhabdomyolysis 
syndrome, 391 
plants containing, .395, 723 
regional distribution, 380. 723 
toxicity, 395-396, 723-725, 724 
Self-tjpptiiig screw, 425 
Semimembranosus muscle 
biopsy, M8 

fibrock and ossifying myopathy. 1032. 
1037-1034 

Scmitrndinosus muscle, 59* 63* M. 65 
avulsion, 1048. 1049 
fi brock and ossifying myopathy, 446, 

1032, 1032-1034 


Septic arthritis. See Infective arrhriris 
Septic bursitis, 643, 643-644 
Scprk tenosynovitis, 612, 633-634 
Sequestrum, bone, in infectious osteitis, 

428-429. £29 

Serine proteinase, in degenerative joint 
disease, 472 

Scrratus ventralis ccrvicis muscle, 37* 38* 29 
Serratus ventralis muscles, rupture, 93ft 
Sesamoid bonds) 
bipartite, 592 
distal. See Navicular bone 
osteochondral fractures, 529, 5JQ 
proximal. See Proximal sesamoid bone 
Sesamoid groove, 14 
Scsamoidean ligaments, anatomy. 12* Li 
Sesamoidiris, 782—784 
causes, 782-783 
clinical signs, 783 
diagnosis, 783, ZM 
prognosis, 2X4 
scintigraphy, 368. 370 
treatment, 2M 

Sheared heelis), 682-684, 1112-1113 
clinical signs and diagnosis, 683. 683 
etiology, 682-683 
in lameness diagnosis, 123. 123 
prognosis, 684, 684 
treatment. 684. 684. 1112-1113, 11 13 
Sheep knees, conformation and, 8& 88-89, 
89 

Shivering, 98 5-986 
Shock-absorbing pads, 1132-1133 
Shocts). See aim Shoeing; specific type 
contact wirh hoof wall, 1103 
edge modifications, /103 
fit, 1088, 1101. HIM 
glue-on, 1100. 1M2 
heel support, 1101. 1102, 1 103 
hoof expansion room, 1101. 1101, 1102 

keg, 1 l.H. 1105 
length, 1101. Uni 
lost, 1121-1122 . 1122 
materials, >099. 1099-1101. 1 100 

parts, >098 
positioning, 1088 
removal, >082-1084. [084 
selection and preparation, 1097. 

109ft-1104, 1099=1104 
with side clips, 1 123. 1125 

sixes, urn 

wirh slippered heels, 1109. IJ J 0 
sole pressure and, 11 0.3- 1104. 
1101-1104 

with trailers, 1126. 1126 
treatment plate, 1133 
types, 1099. 1099. U()0 
wear pattern, 1094. 1094-1095 
Shoe boil. 893-894 
Shoeing, See also Shoc(%j 
categorization, 1081 
cold, 1022 

corrective and therapeutic, 1121-1142 
for addirional support, 1126-1130, 

for bone spavin, 236 
for club foot, 1120 

for comracred heel, 1109-1110* 1110 
for distal phalanx fractures, 693. 693. 
694. 1119-1120 

for distal phalanx rotation, 658-659. 

658-639 

for dorsal-palmar balance, 1111. 1123 
for foals, 1100 
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Shod ng —continued 
corrective and therapeutic —continued 
for gait defects, 1 / li-H H. 
1133-1136 

for hoof damage, 1 LilZ 

for hoof shape abnormalities, 1121. 

U2$, 1 125-1126 
for interference adjustments 
1 136-1137. H37-11is 
for laminins, 658-6 59. 6 58-6 49 
for mismatched feet, 1121 
for navicular bone fracture, 681 
for navicular syndrome, 673-675, 674. 
676. LLU 

for pedal osteitis, 6X6 
prescription form, 1 123. f Lid 
for protection, 1133 
for sheared heels, 684, 6 84 
for traction, 1137, 1138-t 13 9, 

11 39-1140 

for wry hoof, LL) L=J l L2* M12 
gait defects and, LilH 
hot, 1099 

lameness and, 115. 116 
natural balance 
nails and, 1 104, MtUUM 
procedure, 1104-1107. 1106-1107 
shoe selection and preparation, 1097. 

MS- 1 UtL 

preventive 

balance and, 1087, 1089-10*4. 

umLamd 

frog and, 1096 

hoof and toe length and, 1094 
levelness and, 1095, 1095 
principles, 1087, 10X9-1096 
shape and, 1096, 1096 
Mile and, 1095-1096 
symmetry of hoof pairs and. 1096 
procedures, 1081-1087, 1082-1089 
quality control checklist, 1089 
Short collateral ligament, ultrasonography, 
323 

Short toe. in osteochondrosis of 

scapulohumeral joint, 911, 911 
Short'toe-long heel configuration 
club foot and, 1120 
corrective trimming and shoeing for, 

I l?0 

Short upright pastern con formation, ILL 22 
Shoulder 
anatomy, iL. 32 
arthritis, 915-917 
flexor muscles, 35. 32 
forelimb conformation and, ILL Hi 
mrrasynovtal anesthesia, 176. 1 76- 1 77 
joint capsule, >6. 32 
lameness, 905-930 

arthritis of scapulohumeral joint, 
915-917 

bicipital hursitts, 904-908 
fractures of scapula, 923-926 
fractures of supraglerioid tubercle, 
926-929 

mfrasptiurus bursitis, HH 
luxation of scapulohumeral joint, 
917-919 

ossification of biceps brachii tendon, 
908-9119 

osteochondrosis of scapulohumeral 
joint, 910-915 

rupture of serratus ventralis muscles, 

9 trt 

suprascapular nerve palsy, 920-923 


ligaments, muscles substituting for, 34-35 
luxation, 917-919, 9 18-919 
medial aspect, 33.32 
melanoma involving, 592 
nerves and vessels, 39-41 
osteochondritis dissecans, 566-568. 470 
osteochondrosis, 910-91 5 
causes, 911 

diagnosis, 912-913, 912-9J3 
incidence, 910 
prognosis, 915 
signs, 911-912, 911-912 
sites, ilii 

treatment, 913-915, 914 
palpation and manipulation, 138. 
140-142. 142 

radiographic view, mediolateral, 2 68. 269 
stabilisation, 42 
subchondral bone cysts 
diagnosis, 573 

treatment, 576 
Shoulder girdle 

dorsoscapular ligament, 39, 30 
muscles, 3Z* 32 

Shoulder slip, in suprascapular nerve palsy, 
920, 920 

Show horse, 73. Z2. 

Sickle hocks, 93, 25 
hone spavin and, 232 
Side dips, 1123. 1125 

Sidchones, 714-716 
diagnosis, 716, 716 
etiology, 7_L5 
fractures, 716 
signs, 713. 71 5-716 
treatment, 716, 716 
Sideranthus, selenium toxicity and, 395 
Signalment, in lameness diagnosis, J 16 
Silicone, for hoof packing, 1131 
Sinography, 200. 200-201. 201 
Skeletal muscle. See Muscle(s) 

Skeleton, equine, 22 
Sleeve cast 

for carpal angular limb deformities, 836, 
816 

for carpal joint luxations, 859, 859 
for distal tarsiris in foal, 945, 945 
Sling shoe, fetlock, 787, 787 
Slipped capital femoral epiphysis, 401 
Slippered heel, 1109, 1110 
Slow-rwitch muscle fibers, 443. 44 1 
Small dorsal metatarsal artery II, 35 
Sodium, deficit, in postexcrcisc fatigue, 

5X8-5X9 

Sodium channel defect, m hypcrkalcmic 
periodic paralysis, 591 -392 
Sodium gluconate, for aortic iliac 
thrombosis, 10 44 

Sodium hyalumnate. See Hyaluronan 
Sodium monoiodoacctatc, for bone spavin, 
937 

Soft tissue 

radiography, 206-207, 206-207 
ultrasonography, 314. 315. 114 
Solar, defined, 1 
Sole 

angle of, 4, Z 

bruises, corns, and abscesses, 717. 

717-718. 1115-1117. 1117 
dropped, 124. 125 
in laminins, 650, 652 
flat, 1126 

forefoot conformation and, 96 
horn of, 2 j 3 


plane, balance and, 1093-1094 
pressure 

hoof wall wear and, 1/17 
shoe and, 1103-1104. ttai-ttfu 
thin, 98, 1116-1117 
trimming, 1084, 1085. 1095-1096 
Soleus muscle. 57, 

Solution management, x-ray. 196 

Sorghum sp. toxicosis, 1073 

Spavin test, M6, UL LUL 233. 933-934 

Speedy cutting, L2J 

Spherical physis, 401 

Spinal nrmatndiasis, 1074 

Spine. See also Cervical spine; 

Thoracolumbar spine 
degenerative changes, 368. 3211 
scintigraphic views, 352-341. 353 
Splay-footed conformation, 86, 82 
Splimjs) 

after carpal check ligament desmornmy, 
609, hlO 

for bucked knees in foal, 842. 843 
for congenital flexural deformity, 
600-601, 601-602 
for fracture immobilization, 417-420, 

418t, 419-421 

for gastrocnemius tendon rupture. 
625-626 

Leg Saver, 787, 788 

for third metacarpal bone fractures, 813 
for tibial fractures. 987-988. 987-988 
Splint bones, 3, 23. See also Fourth 
metacarpal bone; Second 
metacarpal bone 
fractures, 821 =JL2h 
causes, X71-X?? 

diagnosis, 821-821. 823. 824-82 4 
signs. 822-823 
sites. MIL 821-822 
treatment, 822-824. 823. 825-826 
palpation, 132-133. 133 
periostitis, 819, 820 
Splint fracture, 1 32-111 
“Spimts," aia-an 
causes, 818-819. 819 
diagnosis, 820, 820 
prognosis, 823 
signs, 8JJL 819-820 
versus splint bone fracture, 823 
terminology, 818 
treatment, 820-821 
Spondylosis deformans, 1044 
Spoon shoe, for lost shoe, 1122. 1122 
Sport horse, 2i 2d 
Sprain, 110, 518-521. 419-521 
Sprain fracture, 419 
Spring of rib cage. &JI 
Sprung knees. See Bucked knees 
Squared-toe shoe, for breakover alteration, 
LL 13-1135, 1134 

Stainless-steel hose damp, for hoof wall 
crack, M 14 
Stamped shoe. 1099 
Stance phase, 102, iOJ 
Standing under hehind conformation, 93, 
25 

Standing under in front conformation, ILL 

21 

Stjnievu, selenium toxidtv and, 395, 723, 
724 

SttipbyltKoccus , infective arthritis and, 582t 
Staples, for carpal transphvseal bridging, 
838, 8J9. 840 
Static balance, 1089 
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Stay apparatus 
pelvic limb, 21L 21 
thoracic limb, 41 —II, 42 
Steel shoe, 1099. im 
for traction, 1139 
Step, defined, 110 
Stiffness, defined, Llil 
Stifle, 59-6.5 
capsulitis, L42 

caudal aspect, 58* 59-61. 60 
cranial aspect, v4 
dorsal aspect. 51 

immobilization, 987-988, 987-9X8 
injury, 999-1017 
lameness, 999-1027 
cranial or caudal cruciate ligament 
injury, 1019 

desmitis of patellar ligaments, 
1021-1022 
epiphysitis, 1027 
femoral trochlea fracture, 1011 
fcmoropatellar joint fracture, 

1011-10H 

femorotibial collateral ligament injury, 
1017-1018 

femorotibtal joint fracture, 1014-1016 
fragmentation of distal patella, 
1013-1014 
incidence, 333 

intraanicular lesions of femoral 
condyles, 1016-1017 
luxation of patella 
distal, 1025-1026 
medial and lateral, 1026-1027 
meniseal injuries, 1019-1021 
patellar fracture, 1011-1013 
signs and diagnosis, 999- 1QQ1, 

999-1 Qn i 

synovial osteochondroma in hindlimb, 
1027 

upward fixation of patella, 1022-1025 
lateral aspect, 12, 19*61, 61 
medial aspect, M* 62 
osteochondritis dissecans, 1002-1005 
incidence, 1002 
prognosis, 1005, WQh 
signs and diagnosis, 1002-1004, 
1002-1005 

treatment, 1004-1005, W£lh 
palpation and manipulation, 147. 

149-1S2, 149-152 
subchondral bone cysts, 1007-1010 
signs and diagnosis. 1007, 1007-1009 
sites, 1007 

treatment, 1009-1010, 1009-1010 
swelling, 147* 149* 14 9, 150 
synovitis, 149 
ultrasonography, 123 
Stifle flexion test, 150. HI. 1000 
Stifle joint 

frmoropatellar joint, 61 -62 
femorotibial joint, tiLL LL=hA 
intrasvnovial anesthesia, 178-179. 
178-180 

movements, 60* 64-65 
sprain and luxation. 519. 519-520 
Stock horse, 73* Id 

Storage phosphorimaging digital (computed! 

radiography, for |oini disease, 480 
Straight bar shoe, 1129, 1129 
Straight behind conformation, 21* 25 
Straight foot flight pattern, 105 
Strain 

defined, 110. 416 


muscle, 449-450 
tendon, 612 

Stratum externum of hoof wall, L L. 6. 
Stratum internum of hoof wall, 5* 6* 6 
Stratum medium of hoof wall, 5*5, 6 
Streptococcus 

infective arthritis and, 582t 
upper respiratory infection, immune* 
mediated joint disease and, 
590-591 

Streptococcus bovu, in laminins, 642 
Stress fracture. See also specific bones 
development, 416 
diagnosis, 417, 417 
scintigraphy, 364. 368 
treatment, 417 

Stress protection, osteopenia and, 436 
Stress-strain relationship, tendons. 595-596, 
596 

Stress tetany. 181 
Stride 

in lameness diagnosis, 113-114, i 14 
length, 103-104. 104* LL0 
phases, 101-103. 10,1-104. 113-114. 

Ilf 

Srringhalr, 983-985 
causes, 983 
prognosis, 985 

signs and diagnosis, 983-984. 284 
treatment, 984* 9S4-98 5 
Srromelysin, in degenerative |oint disease, 
421 

Stnmgylus tsilgam, in aortic iliac 
thrombosis, 1044 
Studs, 109* 1139. 1139. 1140 
Stumbling, 116, f /6 
Subchondral bone 
articular cartilage and, 465. 
cysts. See Subchondral bone cysts 
lesions 

computed tomography, 503 
radiographic interpretation, 212. 212. 

m 

microdamagc. in degenerative joint 
disease, 47 3-4"4 
sclerosis 

computed tomography, 5113 
in degenerative joint disease, 556 
in degenerative joint disease of 
proximal intcrphalangcal joint, 
736, Z1Z 

in osteochondrosis of scapulohumeral 
joint, 912, 913 

Subchondral bone cysts, 415-416. 

415-416. 569-576. See also 
Osteochondrosis 

in degenerative joint disease of proximal 
imerphalangcal joint, 736, 738 
of distal phalanx. See under Distal 
phalanx 

of elbow. See under Elbow 
etiology and pathogenesis, 544. 569-570 
of fetlock. See under Fetlock 
sites of occurrence and diagnosis, 
570-574. 571-575 
treatment, 574-576 
Subchondral bone plate 
described, 401. 465. 
innervation, 46 5-46h 

Subchondral cystic lesions. See Subchondral 
bone cysts 

Subclavius muscle, 35* 36* 39 
Subcutaneous bursa, 64It 
Subtmima, 460 


Suhligamcntous bursa, 64 It 
Submural abscess, 713. See also Gravel 
Subscapularis muscle, 34* i& 

Subsolar abscess, 706-707, 706-708. See 
also Penetrating wounds, of foot 
in lameness diagnosis, 128. 158. 

Substance P 

in degenerative joint disease, 47 3 
in suixhondra! bone, 466 
Subsynovia I layer, 46(1 
Subtarsal check ligament. See under 
Accessory ligament 
Subtendinous bursa, 641 1 
Sudan grass, toxicosis, 1073 
Sugardyne, for thrush, 1117 
Sulfadiazine, for equine protozoal 
myelornccphalttis, 1071 
Superficial cervical lymphocenter, _LL 45 
Superficial digital flexor muscle, rupture, 
979-982. 980-981 
Superficial digital flexor tendon 
dislocation, 634. 974-9^6 
bilateral, 974 
causes, 324 
prognosis, 976 

signs and diagnosis, 974. 974-97,5 
treatment, 973-976. 973-976 
humeral head of, 32-33 
injury, ultrasonography, 324, 14 3, J44 
palpation and manipulation, 128. 130. 
135. m 

pelvic limb, 46. 47* 52* 58* 59* i2* 611 

rupture, 625-626 

tendinitis 

diagnosis, 614-615. 615 
pathogenesis, 612-614 
prevention, 613 
prognosis, 618 
rehabilitation, 618-619 
treatment. 615-618 
tenotomy, 608. 610 
thoracic limb, 1 1-12. 13. 24 
ultrasonography, 318, 319t, 320. 

321-322. 127-317. 341. 142 
Superficial flexor tendon 
displacement, 14 5, 146 
tendinitis, 143, 146 

Superficial palmar arterial arch, 14* 24 
Superficial peroneal nerve. 45, 45, 50* 51, 

55^12 

block, 167 

Superficial plantar arch, 43* 41 
Superficial-thickness articular defect, repair, 

152 

Superior check ligament. See under 
Accessory ligament 

Superoxide anion, in degenerative joint 
disease, 422 
Suppleness, defined, 110 
Supraglenoid tubercle, 5 
fractures, 926-929 
causes, 322 

diagnosis, 927. 9 >X-9?9 
prognosis, 928-929 
signs, 927* 927-928 
treatment, 927-928. 929 
Suprascapular nerve, 34* 38, 39 
palsy, 119, 142. 920-923. See also 
Sweeney 

Supraspinatus muscle, 34*36 
atrophy. See Sweeney 
Supraspinous bursa, 64It 
Supraspinous bursitis, 643, 643, 644 
Supraspinous fossa, 5 
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Surface selection, m lameness examination, 

118. Liii 

Suspension, defined, L LU 
Suspensory apparatus 
of metacarpophalangeal joint, LI 
replacement, 282 
traumatic rupture, 62ft. 7»*.-T«*» 
causes, 78? 
diagnosis, 787 
prognosis, 282 
signs, 787 

treatment, 787-788, 787-789 
Suspensory ligament 
anatomy, 24* 24* 2S 
attachments, 827 
avulsion fracture, 826-829, 827 
desmitis, 621 -624. 826-829, 828 
body, 624 
branches, 623-624 
proximal, 622-6?* 
splint bone fractures and, 822 
ultrasonography, 324-325. 144 
desmotomy, for flexural deformity, 610. 
Ml) 

extensor branch, L2 

forciimb, ultrasonographv, 319t, 320. 

*29-117 
hindlimb, 42 

of metacarpophalangeal joint, 14 
muscle fiber content, 24 
origin 

direct infiltration, lr»4, 164-16 5, 165 
lameness associated with, 826-829, 
827-828 

palpation and manipulation, 133. 

I LLJ. IS. 828, 828 
response to exercise, 596-597 
tearing of Sharpey's fibers of, 826-829 
ultrasonography, 322, 342. 828-829 
Suspensory navicular ligament, |0* / /, 12 
Sustentaculum tali, osteomyelitis, 965, 
965-966 

Suture 

locking loop tendon, 628, 629 
for superficial digital flexor tendon 
dislocation, 975. 97*— 1 976 
Sway response, 159. 160 
Sweeney, 920-923 
causes, 920 
diagnosis, 921 

in diagnosis of lameness, 119. 142 
prognosis, 923 
signs, 920-921, 920-92/ 
treatment, 921-923, 922 
Swelling 
cloudy, 444 

soft tissue, radiographic interpretation, 
206. 206 

Swimming, for traumatic synoviris and 
capsulitis, 493 
Swing phase, 103. UM 
Symmetry of hoof pairs, preventive 

trimming and shoeing, 1096 
•Sy mphysial joints, 22 
Symphysis pelvis, Zii 
Symphysis pubis, fracture, 1046 
Synchondroses, 444 
Synchronous diaphragmatic flutter, 389 
Syndesmoses, 459 
Syno-Flex, 514 
Synovectomy 

arthroscopic, 517 

for hog spavin, 949 

for degenerative joint disease, 141 


for infective arthritis, 585 
for joint disease, 112 
radiation, 112 
Synovial fistula, 588-589 
Synovial fluid 

analysis, 481-485. 482-4X1 
in hog spavin, 489 
in carpal canal syndrome, 860 
in infective arthritis, 579. 581. 112 
in traumatic synovitis and capsulitis, 
421 

appearance, 4S2. 482 
clot formation, 481 
cytologic examination, 4X4 
enzyme content, 4K4-485 
fihroncctin in, 473 
hyalurunan in, 465. 4X1 -48? 
merhvlprcdmsolonc acetate treatment 
and, 5111 

mucinous precipitate quality, 4M 
particle analysis, 485 
protein content, 461. 483 
sample collection, 482. 4X2 
ultrasonography, 322 
viscosity, 464. 483, 4X1 
volume, 48?-483 
Synovial fossa, sues, 5 36-537 
Synovial ganglion, tendon sheath, 635 
Synovial hernia 
definition, 588 

diagnosis, 588-589, 589, 590 
treatment, 589, 590 
Synovial joinijsj 

articular cartilage in. See Articular 
cartilage 
definition, 4521 

emhryologic development and 
maturation, 4o6. 466-46 
fibrocartilage in, 461 
functions, 459 

general anatomy, 459-460. 460 
lubrication and shock absorption, 46* 
membrane structure and function, 
460-461. 460-46/ 
radiology, 210-214. 210-214 
stability, 4ML 

subchondral bone. 46 5-466 
Synovial markers, of articular cartilage 
breakdown, 485. 486 
Synovial membrane 

arthroscopic evaluation, 4X6. 4X6-48" 
biopsy, 48 5-486 
hematoma, 592-593, 593 
lubrication, 46 5 

reactions to injury, 467. 469. 469-470 

redundancy. 461, 46 f 

regeneration, 461 

structure and function, 460-461. 

460-461 
tendon, 595 

Synovial sheaths, forciimb, ultrasonography, 
320. Ilf-114. 118- 140 
Synoviocentesis, for bicipital bursa 
inflammation, 907 
Synoviocyte! s) 

phagocytic ability, 460. 460-461 
structure, 460. £t*LL 
Synovitis 

chronic proliferative. 517-518. 5/8 
idiopathic. See Bog spavin 
ursocrur.il joint, 142. 143 
traumatic. See Traumatic synovitis and 
capsuliris 

villonodular, 5l"-5tx. H£ 


Systemic diseases. See also specific types 
hone, 435-441. 4 16-44 [ 
muscle, 450-454 

Systemic lupus erythematosus, 589-590 


T ligament of the middle phalanx, 10* 12 

Tack, gait defects and, LLL1 

Taihon-detector view, scintigraphy, 360. 

Ihl 

Talocalcaneal luxation, 966-970, 968 
Talocalcaneal osteoarthritis, 970 
Talus 

radiographic view 

dorsolatcrahpla n ta romedia I ohliquc, 
382-283 

dorsomedia l-planta rolarcra I ohhq uc, 
284-285 

dorsoplantar, 280-281 
flexed lateromcdial, 27X-279 
lateromcdial. 276-277 
sagittal or comminuted fractures, 959, 
959-960, 960 

trochlear ridge fractures, 959, 959 
Tarsal boncfsj, ±L 42 
collapse, 414. 414 

fused first and second, hypoplasia, 972 
slab and sagittal fractures, 955-958, 
956-957 

wedging, in foals, 942, 943 
Tarsal hydrarthrosis. See Bog spavin 
Tarsal joints, 52-5 5 

intrasynovial anesthesia, 177. 177. 178 
joint capsule, 54 
ligaments, 52-54. 3 1. id 
synovial sacs, 122 

Tarsal sheath, tenosynovitis, 630, 631, 63/ 
Tarsocrural collateral ligament, injury, 
970-972, 971-972 
Tarsocrural joint, 47* £2 
arthroscopy, 487 
hog spavin. Set Bog spavin 
intraarticuUr fractures, 958-961 
prognosis, 961 

signs and diagnosis, 959-960, 959-960 
treatment, 960-961 
intrasynovial anesthesia, 177, 177 
luxarions, 522. 966-970, 967 
movements, 55. Sh 
osteochondritis dissecans, 559-562. 
360—361- 950-954 
clinical signs and diagnosis, 559-561. 

560-56/. 950-953, 950-953 
common sites, 950, 950-951 
prognosis, 561-562. 953-954 
radiographic appearance, 560-561. 
560-361 

treatment, 561. 953, 953 
septic arthritis, 972 
synovitis and capsulitis, 492-49 3 
Tarsometatarsal joint, 42 
arthrodesis, for bone spavin, 939, 
939-940 

communication with intertarsa) joint, 55 
degenerative joint disease, 931, 912. See 
also Bone spavin 

intrasynovial anesthesia, 177, 128 
osteosarcoma, 986, 986-987 
palpation, 142, 144. 146 
Tarsus 

acquired bone cysts, 934-95 5 
anatomy, 47-55 

dorsal aspect. 4^-48. 4£* 50* H* il 
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lateral aspect, 50* 5£* 12 
medial aspect, 49* ML 12 
plantar aspect, 12 
bursitis, 642 

capped, 143. 146 , 64 1 -64.1, 924 
excessive angulation, 21 . 21 
fracture, immobilization, 420, 421 
incomplete ossification, 378. 942-945 
lameness, 910-987 
bog spavin, 947-949 
bone spavin, 911-941 
common calcaneal tendinitis, 978 
cunran tendinitis and bursitis, 946-947 
curb. 972-973 

deep digital flexor tendon medial 
displacement, 976-977 
distal tarsiris or osteoarthritis in foals, 
942-945 

distal tarsiris syndrome of harness-race 
horses, 946-947 
fractures of fibular tarsal bone, 
961-963 

gastrocnemius muscle rupture, 

979-98? 

gastrocnemius tendinitis, 978-979 
gastrocnemius tendon rupture, 

982-983 

hypoplasia of fused first and second 
tarsal bones, 972 

idiopathic tarsocrural septic arthritis, 

972 

intraarticular fractures of tarsocrural 
joint, 958-961 

luxation of tarsal joints, 966-970 
osteochondritis dissecans of tarsocrural 
joint, 950-954 

osteomyelitis and osteolytic lesions of 
calcaneal tuber, 963-964 
osteomyelitis of sustentaculum tali, 
965-966 

osteosarcoma of distal tarsus, 986-987 
pcroncus tertius restriction, 978 
pcroncus tertius rupture, 977-978 
shivering and, 98 5-qxz. 
slab and sagittal fractures of central 
and third tarsal bones, 9S5-958 
stringhalt, 982=985 

superficial digital flexor muscle rupture, 
979—98? 

superficial digital flexor tendon 
dislocation, 974-976 
talocalcaneal osteoarthritis, 970 
tarsocrural collateral ligament drsmiris, 
instability, rupturr, 970-972 
luxations, 966-970, 967-969 
medial deviation, 96, 26 
osteochondral fragmentation, 529-530. 
Hi 

palpation and manipulation, 142-148, 
142-148 

radiographic view 

dorsolatcra I - planta romedia I obi ique, 
282-283 

dorsomedial-plantarolateral oblique, 
284-285 

dorsoplantar, 280-281 
flexed dorsoplantar, 286-287 
flexed lateromedial, 228=222 
latcromcdial, 77a-? 77 
soft rissue swelling, J42. 145, 143 
ultrasonography, 323 
Tarsus valgus, 96, 942, 944 
Tarsus varus, in deep digital flexor tendon 
medial displacement, 976, 

976-977 


Tear, 450 

Teehnetium*99m, 342 
Technique chans, radiology, 198-199. 199. 
200 t 

Telemetric strain measurements, LK.l 
Temperament, gait defeers and, 11 J 
Tempo, defined, 110 
Tendinitis 

classification, 618-619 
definition, 612 
of flexor tendons, 612-620 
diagnosis, 614-615, 611. 
pathogenesis, 612-614 
prevention, 612 
prognosis, 618 
rehabilitation, 618-619 
treatment, 61 5-6 18 
ultrasonography, 315-316, 323-324. 
3*3-344 

Tendon) 5 ) 

anatomy and physiology, 594-598, 
595-596 

associated structures, 594-595, 595 
blood supply, 595 
contracted, 383. 599 
definition, 594 

developmental problems, 598-612 

acquired flexural deformities, 603 - 610 . 
604-6/0 

congenital flexural deformities, 
599-603. 600-602 
digital hyperextension, 598-599, 599 
dorsal subluxation of proximal 
interphaUngeal joint in pelvic 
limb, 611-612 

flexor tendon weakness, 598, 598 
rupture of common digital extensor 
tendon, 610-611, 6 11-612 
healing, 597-598 
inflammation. See Tendinitis 
versus ligaments, 594 
luxation, 634 

mechanical properties, 595-596, .596 
ossification, 635, 635 
response to injury, 597-598 
rupture 

degenerative, 626 , 626 
traumatic, 625, 625-626 
severed, 626-630 
diagnosis, 627. 627. 628 
prognosis, 630 
treatment, 627-630, 629 
structure, 594 

traumatic problems, 6)2-634 
rumors, 635 

ultrasonography, 315-316. 323-324. 
343=34-4 
Tendon sheath 
fistula, 635 
hernia, 635 

inflammation. See Tenosynovitis 
intrasynovial anesthesia, 170t 
laceration, 6.34 
structure, 595, 595 
synovial ganglion, 635 
rumors, 635 

ultrasonography, 325. 341-345 
Tendon splitting, for superficial digital 
flexor tendinitis, 612 
Tcndonographv, 202 
Tendosynovitis, definition, 612 
Tenoscopy, for acute tenosynovitis. 632 
Tenosynovitis, 630-634 
acute, 631-633 


chronic, 633 
definition, 612 
idiopathic, 630-632, 631 
septic, 6J2. 633-6 34 
ultrasonography, 325. ia j - ta s' 

Tension, physcal response, 404. t UiA 
Tension band wiring, 426, 426 
Tensor fasciae antebrachii muscle, J2, M 
Tensor fasciae latac muscle, 63* fci. 65 
Teres ma|or muscle, 37. iH 
Teres minor muscle, ML if> 

Tetanus, 453 

TGF-a, osteochondrosis and, 547 
Thermography, 110. 4in— 411 
in muscle disease, 44.7-448 
Thiabendazole, for aortic iliac thrombosis, 

1045 

Thigh, 65-70 
blood supply, 67* 62 
caudal aspect, 62 
cranial aspect, 62 
lateral aspect, 6 Ji 64, 65-67. 66 
medial aspect, 67. 68 
Thin walls and sole, 28 
Third carpal hone, J 

radiographic view, lateromedial, 228—222 
slab fractures, 848 
Third metacarpal bone, 3* 21 
condylar fractures, 805-811 
causes, 806-807, 807 
diagnosis, 808* finx-fim 
prognosis, 81 1 
signs, UM 

treatment, 808-811. 810 
types, 805-806, 806 
diaphvsis, angular limb deformities, 817, 

' 817-818 
flat, 80 

fordimb conformation and. Hi 
fracture and periostitis. 5er under Dorsal 
metacarpus 
fractures, 811-816 
causes, 812 
prognosis, 8 .L 6 

signs and diagnosis, 812-81.3, H 1 1 
treatment, 813, 813-816 
types, 811-812. U2 
palpation, 132. 1 11 
physeal closure, 43* 43t 
proximal-palmar aspect, stress fracture, 

805 

radiographic view 

dorsolateral-palmaromcdial oblique, 
234-235. 246-247 
dorsomcdial-palmarolateral oblique, 
244-245, 256-257 
dorsopatmar, 242-243, 252-253 
dorsoplantar, 222=221 
dorsoproximal-palmarodistal, 2J2-233 
flexed lateromedial, 2 10-2 1 J. 250-251 
lateromedial, 240-241 
la t r roprox imal-divt omedia 1 obt iq ue, 
238-239 

lateroproximodorsal-mediodistopalmar 
oblique, 236-237 
Third metacarpophalangeal bone, 

radiographic view, lateromedial, 
228=222 

Third metatarsal bone, radiographic view 
dorsolatcra I- plantaromed ial ohliq ue, 
272-273. 282-281 
dorsomed ial-pla n ta rolateral oblique, 
274-275. 284-285 
dorsoplantar, 280-281 
lateromedial, ?7 a-?77 
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Third tars.il hone 
radiographic view 
flexed laicromcdiat. 278— 279 
lateromedial, 276-277 
slab and sagittal fractures, 955-958, 956. 
957 

Thomas splint, for ribial fractures, 

987-988. 988, 995, 994 
Thomas splint-ease com hi nation, for 

gastrocnemius tendon rupture, 

625-626 

Iborack limb, 1 -43. 5ir alui Forelimb 
anatomy, 1=63 
antcbrachium, 29-55 
arm and shoulder, 34-41 
hones, J 
carpus, 25-29 
cubital joint, 35-54 
digit, 1-23 

fetlock, 16 
foot, I -2. 5—11 
lymphatic drainage, 61 
metacarpus, 2 3-H 
pastern, 11-14 
phvsral closure, 45. 43t 
stay apparatus, 41-43. 62 
Thoracodorsal nerve, 18. 252 
Thoracolumbar fractures. 11)76—1077 
Thoracolumbar spine 

hack problems, in< t-inS7 

diagnosis, 1055-1056, 1056 
etiology, 105.3-1054 
incidence, 1053 
prognosis, 1057 
signs, 1054-1055, 1054-f 055 
rreatment, 1056-1057 
types, 105 3 
lameness, 105 3—1061 
muscular dystrophy and, 1062-1061 
myositis and, of psoas and longissimus 
dorsi muscles, 1062 
overlapping dorsal spinal processes, 
1057-1059, I0S8 
vertebral body osteomyelitis and 

diskospondylitis, 1059-1061. 
1060-1061 

Thoroughbred ringbone, 742 
Thorough-pin, 143. 144. 146. 630. 631, 
631 

Thrombospondin, in articular cartilage, 463 
Thrush 
etiology, 719 
prognosis, 720 
signs and diagnosis, 719-720 
treatment, 720,1117 
Thumps, 389 

Thyroid hormone, for laminins, feife 
Tibia, 44* H 

angular deformity, 147. JJ2, 
diaphyseal and metaphyseal fractures, 
992-995, 993-995 
enostoKs, 998, 99 8 
fractures, 1421 9K7-993 
common types, 282 
immobilization. 418, 420, 421, 
987-988, 987-988 

intercondylar eminence of* fracture, 531 
lameness, 987-998 
cnostoses, 998 
fibular fractures, 996-997 
fractures, 987-995 
ossification variations of ribial crest, 
997-998 

medial surface, 57, ill 
palpation, 147, 148-14 9 


phyveal closure, 70t 
physcal fractures 
distal, 989, 990 
proximal, 988-989, 988-989 
radiographic view 
caudocranial, 292-791 
dorsolateral plantaromedial oblique, 
282-281 

dorsomedial-plantsrolateral oblique, 
284-285 

dorsoplantar, 280-281 
flexed lateromedial, 278-279 
flexed lateromedial, 790-291 
lateromedial, 276-277 
lateromedial, 288-289 
stress fractures, 417,417, 991-992, 992 
swelling, 147. 1AH 
Tibia I crest 

fractures, 990, 991 
ossification variations, 997. 997-998 
Tibia I malleoli, fractures, 960 
Tibial nerve, 5jK» 58* 60 
block, 167, IM 

Tibial neurectomy, for bone spavin, 941 
Tibial tendon of rhe biceps femoris muscle, 

55 

Tibial vessels, 60, 60-61 
Tibialis cranialis muscle, _W_, 55 
Tibiorarsal joint. See Tarsocrural joint 
Tide mark/line, of articular cartilage, 
Tied-in knees conformation, 90-91. 2J 
Tip shoe 

for club foot, 1170 
for dorsal-palmar balance, 1121 
Tissue collagenasc, in degenerative joint 
disease, 4211 

Tissue inhibitors of metalloproteinase, 321 
Titanium shoe, 1100 
Toe(») 
angle, 2*41 

heel angle and, 1089. IM& 
cracks, 752 
dished, 1125 

excessive wearing, 121 , Hi 

illusrrarion, 4 

length 

evaluation, 1095 
hoof pair symmetry, 1096 
measurement, 1087, 1095 
long, 103-104. UM. 

treatment, 1110-1111, 1/11. LLU 
rocketing, for laminitis, 656. 656. 657, 
657 

seedy, in laminitis, 650, 652, 652 

of shoe, 1098 

short 

dub foot and, 1170 

corrective trimming and shoeing for, 

1120 

in osteochondrosis of scapulohumeral 
joint, 911, 911 

wear, in stifle injury, 999, toon 
Toe clip, for traction, 1139 
Toe extension shoe, for interference, 
1136-1137,1137 

Toe extension test, in navicular syndrome, 
667-668 
Toe grabs, IM 

condylar fractures of third metacarpal 
bone and, 806 
for traction, 1139-1140 
Toe-heel tubule alignment, 1089. 1090 
preventive trimming and shoeing for, 
1089. 1090 


Toe-in conformation, 84-86. 83-Hf. 

Toe-our conformation, 86. 82 
Toed and heeled shoe, 1099. 1139 
ToUrazuril, for equine protozoal 
myelocnccphalitix, 1071 
Tomography. See Computed tomography 
Tooth (teeth) 

fluorosis and, 396 
gait defects and, 110-11 1 
Topline 

conformation evaluation, 79, j$£! 
proportions and. 7£* Z1L 78-80. 22 
uneven, balance and, 75-76 
Traction 

gait defects and, 109 

improper, srress and strain resulting from, 

1122 

principles, 11 39-1140 
for radial fractures, 876 
shoes and devices affecting, 1137, 
1118-1139. 1139 
Trailers, shoe wirh, 1126. 1126 
Training, gait defects and, 110 
Training plate shoe, IMS. 

Tranquiliuitiun 

for exertional rhabdomyotysis syndrome, 

in lameness examination, LIB 
Transducer, ultrasound. 316, 116 
Transhxarion cast 
for fetlock luxation, 792 
for middle phalanx fractures, 751, 753, 
733 

for proximal phalanx fracrurcs, 762. 763 
for proximal sesamoid bone fracture, 282 
for radial fractures, 873. 875 
for suspensory apparatus rupture, 282. 
for rhird metacarpal bone fractures, 815 
for tibial fracrurcs, 993 
Transit tetany, 38 1 
Transphyseal bridging 

for angular limb deformities, 413. 421 
for carpal angular deformities, 838-840, 
838-840 

for fetlock angular deformities, 793, 794. 
795 

Transverse acetabular ligament, 68, 69 
Transverse plane imaging, ultrasonography, 

318 

Trapezius muscle, 12 
Trauma 

articular, clinical entiries, 491 
osteochondrosis and, 549 
scintigraphy, 371. 372 
Traumatic arthritis 
classification. 491 
type 1 (synovitis and capsulitis!, 

491-494. See also Traumatic 
synnvtris and capsulitis 
type 2A (sprains and luxations), 318-523 
type 2B |memscal tears!, 523-524. 524 
type 1C (intraarricular fractures), 

324-33? 

whirc blood cell count, 484 
Traumatic bursitis, 641-643, 642 
Traumatic joint disease, 213-214, 2/4 
Traumatic synovitis and capsulitis, 491 -494 
clinical signs, 491 -49.3, 492 
diagnosis and differentia) diagnosis, 493 
metacarpophalangeal joint, 491. 492, 492 
parhobiotogy. 469-473 
pathogenesis, 491 
trearment, 493-494 
dimethyl sulfoxide, 494 
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joint lavage, 494 
medications, 494-517 
physical therapy, 49.1-494 
rest and immobilization, 491 
synovectomy, 517 
Travel, 98* Llll 
defects. 111 

Treatment plate shoe, fill 
for penetrating wounds of foot, 707, 708 
Tria mci nolonc acetonidc 
for bog spavin, 949 
for joint disease, 504 
Triceps muscle, 32, 14 
atrophy, in scapular fractures, 921 
ultrasonography, .114 
Trimethoprim-sulfadiazine, for equine 

protozoal mydoctxephaliris, 1071 
Trimethoprim-sulfonamide, for infective 
arthritis, 5K2t, 484 
Trimming 

categonzanon, 1081 
correcrivc, 1123-1142 

for bruises, corns, and abscesses, 
1115-1117, till 
for carpal angular limb deformities, 

814 

for club foot, 1 120 

for contracted heel, 1110 

for cracks 1114-1115, 11/5-1116 

for distal phalanx fractures, 

1119-1120 

for dorsal-palmar balance, till 
for flaccid tendons, 598, 59 8 
for hoof shape abnormalities, 1108, 
1109, 1123, 1125-1126 
for interference adjustments, 
1136-1137 

for Iambi itis, 656-657, 6 46-6 47 

for limb deformities in foals, 

1140- 1142, 1141-1142 
for low heels, 1110 

for mismatched feet, 1 121 
for navicular syndrome, 672-675, 
672-676 

prescription form, 1123, LLM 
for sheared heels, 684, 6S4, 
U12-1113,1113 

for underrun heels, 1110-1111, fin 
for wry hoof, 1111-1112. 1 112 
incorrect, limb deformities and, 1122 
1142 

limb development and, 1140-1142, 

1141- 1142 

natural balance, technique, 1096-1097, 

l 097-1098 

preventive, 1087, 1089-1096. See also 
Shoeing, preventive 
technique, 1084, 1085-1086 
Trochanteric bursa, 64, 64 
inflammation, 641-644, 1037 
inrrasynovial anesthesia, 179-180 
Trot, 98, 100 , UU 

head movement at, with supporting limb 
lameness, 120. I20t 
in lameness diagnosis, 118 
‘True splint,” 818 
Trunk, conformation, 25 
Tuber coxae, fracture, 1045-1047. 1047 
Tuber ischij, lesions. 1048, 1048-104V 
1 uber sacraJe, displacement, in sacroiliac 
joint subluxation, 1050, 1050 
Tuber spinac, 1 
Turnoffs) 

bone, 434. 434. 444 


joint, 592-593, 492-593 
tendon, 635 

Tumor necrosis factor* a, in degenerative 
joint disease, 472-47.4 
Tumoral calcinosis, 206, 439-440. 591 
lying-up syndrome. See Exertional 
rhahdomyolysis syndrome 


Ulceration, articular cartilage, in 

degenerative |omr disease, 444 

Ulna, 1 

fractures, 879-888 
causes, 879 

classification, 879. MU 
diagnosis, 883, 884 
in diagnosis of lameness, 148. 140 
prognosis, 887-888 
signs 879* 882-884. M3 
treatment, 883-887. 884-887 
types, 879, 880-882 
physeal closure, 43* 43t 
radiographic view, mediolatcral, 264-264 
Ulnar carpal bone, 2 
Ulnar nerve, 19* 2£!i 22* 33, 38* 40-41 
block, 163. 166 
dorsal branch, 23* 24, 26* 28 
l Inar neurectomy, for accessory carpal 
bone fractures. 862 
Ulnaris lateralis, 30,32 
bucked knees and, 842 
Ultrasonography, 512-444 
in accessory ligament sprain, 868 
in anular ligament constriction, 797-798 
in bicipital bursa inflammation, 907 
in degenerative joint disease of proximal 
interphalangeal joint, 232 
diagnostic, 312-417 
accessory equipment, 416 . 416-417 
applications, 313-315. 313-416 
equipment, 316. 116 
image records, 417 
principles of interpreration, 413- 314. 
313-315 

m distal sesamotdean ligament desmitis, 
767 

of forelimb, 318-321 
anular ligaments, 421, j *4. 338-349. 

240 

blood vessels, 421. 332-333. Hi 

distal tesamoidean ligaments, 321. 114. 
138-14/1 

distal to the fetlock 
longitudinal scans, 440. 340 
transverse scans, 338. ? 18-119 
flexor tendons and associated 
ligaments. 318-321. 319t 
longitudinal scans, 436. 336-117 
transverse scans, 426. 327-335 
suspensory ligament. 3 19t, 320. 
329-337 

synovial sheaths, 320. 333-114. 
338-140 

of hindlimh, 421-422 
longitudinal scans, 445. 145 
transverse scans, 341. 341-144 
imaging procedures, 417-423 
facilities and restraint, 417 
localization techniques, 317. 417 
patient preparation, 417 
of joints, 415-316, 322-323. 425, Ml 
in meniscal injuries, 1020-1021 


in muscle disease, 448 
in osteochondroma of distal radius, 865. 

866 

in pelvic fractures, 1046 
in perivertebral abscess, 1061 . 1061 
principles 
joints, 425 

ligaments, 523-425. 44 4-145 

tendon sheaths, 42 5. 141-145 
tendons, 323-424. 141-14 5 

in proximal suspensory ligament desmifis, 

622 

scanning procedures, 318 
in shoulder arthritis, 917 
in stifle injury, 1001 
of suspensory ligament, 422. 342. 
828-829 

in tendinitis of flexor tendons, 614-615 
of thoracolumbar spine, 1055—1056 
in traumatic synovitis and capsulitis, *91 
in vertebral osteomyelitis and 

diskospondylitis, 1060 . L061 
Underrun heel, 1089, 1090 , 1101. 1103 . 

1110-1111, 1111. LLli 
Unicameral bone cyst, 444 
Unsoundness, versus blemish, 23 
Use trauma, in degenerative joint disease 
pathogenesis, 347-548 


V-bar shoe, 1129, 1130 
Vaccination 
botulism, 4.54 
tetanus, 454 
Valgus, 410-411, 412 
Varus. 20S, 2Ji , 410-411, 4/2 
Vascularization defects, ostcocbondrush 
and, 549-550 

Vasoconstriction, in pathogenesis of 
laminins, 646-647 

Vasodilator therapy, for laminins, 655, 6 46 
Vasrus intermedius muscle, 62 
Vastus lateralis muscle, 6Z 
atrophy, L£1 

Vastus medialts muscle, 62 
Venice turpentine, for hoof packing, 1132 
Venograms, digital, in laminins, 654 
Venous hypertension, in navicular 
syndrome, 665 

Vertebra! canal diameter, measurement, 
1065-1066, 1066, 1066f 
Vertebral column 
joints, 70, 70, 22 
ligaments, 12 
muscles, 20 

Vertebral fractures, 1074-1077 
cervical, 1075-1076, 1075-1076 
sacral and coccygeal, 1077 
stress, 1055 

thoraci ilumbar, 1076-1077 
Vertebral osteomyelitis 
and diskospondylitis, 1059-1061, 

W60= um 

and epidural empyema, 1073-1074, 1074 
Videography, JJil 
Viewing devices, x-ray, 195, 196 
Viscosupplementation therapy, hyaluronan 
for, 308-509 

Visual examination, 116-122 
at exercise, 117-122. 119-120 
at rest, 116-117, 117-118 
Vtcamin(s) 

deficiencies, in mare or foal, 482-184 
endochondral ossification and, 486 
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Vitamin A 

deficiency, in man? or foal, .1x2 
imbalances in mature horse, 394-395 
Vitamin B, in foal's nutrition, 312 
Vitamin C, in foal's nutrition, 382-383 
Vitamin D 
deficiency 

in marc or foal, 382 
in mature hone. 394 
imbalances, 394 
toxicity, in mature horse, 394 
Vitamin K 
deficiency 

in equine degenerative 

myeloencrphaloparhy, 1072 
tft equine motor neuron disease, 392. 

1073 

endochondral ossification and, 386 
infection, for exertional rhalxlomyolyws 
syndrome, 391 

Vitamin K, deficiency, in mare or foal. 38? 
Volar ringbone, 764 
Volkmann\ canal, 428 


Walk, M. ^ 

Water deficit, mature horse, MM 

WVar lines, subchondral hone, in 

degenerative joint disease, >34, 
ill 

Wch, of shoe. Um 

WYdgc ostectomy, for third metacarpal 

angular limb deformities, 817, K18 

Wedge osteotomy, for fetlock angular 
deformities. 796 

Wedge pads, for dorsal-palmar balance, 
1123. 1125 

Wedge rails, Equine Digit Support System 
shoeing with, for laminins, 660. 

Wedge shoe. 1099. 1100, 1111. U23 

Wedge tests, in navicular syndrome, 

667-668 


Weight hearing, interference adjustments, 
1137, LIM 

Western blot test, for Sarcotystis wurona, 
1071 

Whirl bone lameness, 1037 
White blood cells 
counts 

in infective arthritis, 484, i&L 
in synovial fluid, 484 
imaging, in infective arthritis, 582 
radiolabeled, 347 
White line 

ascending infection. Sec Gravel 
disease, 1117-1118 
penetrating wounds, ?13, 7/4. Sec jIsu 
Gravel 

White muscle disease. 379. 4_52 
Wide-web shoe, 1099, 1103-1104, 11 04. 

1133 

Wind puffs 

clinical signs, 489. 490 
diagnosis, 490 

digital flexor tendon shcarh, 630, 631 
pathogenesis, 489 
treatment, 490 

Windswept conditions, treatment, 795 

W'inging, ILL 111 

Withers 

conformation evaluation, 79*. 22 
ficiulous, 643, 641, 644 
Wobbler syndrome, 159* 160, 1063-1077 

cervical vertebral malformation, 
1063-1069 
equine degenerative 

myeloenccphalopathy, 1072 
equine hcrjx*s virus type L 1072-1073 
equine motor neuron disease, 1073 
equine protuni.il myeloencephalitis, 
1070-1072 

Sorghum sp. toxicosis, 1073 
spinal neniatodiaxis, 1074 
vertebral fractures, 1074-1077 
cervical. 1075—1076 
sacral and coccygeal, 1077 
t horact 4 u mbar, 1076-1077 


vertebral osteomyelitis and epidural 
empyema, 1073—1074 
World Race Plates, 1105 
Wound healing, tendons, 597-598 
Wound management, for radial fractures, 
872 


X-ray machines, 183-189 
accessory equipment, 189-19.3 
cassette holders, f 94. 195. f 93 
cassettes, 182 
film. LSS 

film markers, 192, 193. 193 
grids, 192* m 
intensifying screens, 189-192. 

IW-/9J. |92t " 
marking systems, 192. 191. 19.3 
positioning aids, f 94. 19.3 
viewing devices, 193. 196 
control panels, 18.3-186, LS6 
darkroom equipment, t96-197. 

>96— >97. |96t 
exposure time, 186 
focal spot-film distance, 186. >87 
ideal features, 187-188. >8X 
technique charts, 198-199. 199. 200t 
types, IM. 188-189 
Xeroradiography, 307. 308 


Y-plarc fixation, for middle phalanx 

fractures, 750, 753-754. 754 


Zenecarp. Sir Carprolen 
Zenker’s degeneration, Add 
Zinc, dietary 

hog spavin and, 242 
developmental orthopedic diseases and, 
4118 

endochondral ossification and, 386 
osteochondrosis and, 551. 112 
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